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THE EFFICIENCY OF GAUZE MASKS IN THE PROTECTION OF 
RABBITS AGAINST THE INHALATION OF DROPLET 
NUCLEI OF TUBERCLE BACILLI 1 ■ 2 • 3 

MAX B. LURIE and SAMUEL ABRAMSON 4 

INTHODUCTION 

Although there is no certain knowledge as to the size of the infectious particles 
concerned in the origin of human inhalation tuberculosis, there is considerable 
circumstantial evidence to suggest that the entities involved are much smaller 
than the limits of ordinary visibility (1). As is well known, primary pulmonary 
tuberculosis in man takes root not in the upper respiratory passages but deep 
in the lung parenchyma, usually beneath the pleura. It is reasonable to assume, 
therefore, that the effective pathogenic units are smaller than the lumina of the 
terminal bronchioles. That the tubercle-bacilli-containing-particles responsible 
for the inception of naturally acquired air-borne pulmonary tuberculosis in 
rabbits are of microscopic dimensions was indicated by the effect of ultraviolet 
irradiation of the air of a room contaminated by tubercle bacilli derived from 
tuberculous animals. Such irradiation protected rabbits from an airborne 
contagion that caused progressive tuberculosis in 73 per cent of animals of the 
same genetic resistance to tuberculosis exposed to the same contagion for the 
same period of one year in an unirradiated room (2). As the ventilation of the 
irradiated room was such that some droplet nuclei of tubercle bacilli floating 
in the air were exposed for as short a period as only one second to 2537 A ultra- 
violet energy of an average maximum intensity of 200 p W per cm 2 before their 
inhalation by the exposed rabbits, and as these particles were sterilized, as shown 
by failure of the animals to develop tuberculosis, it is likely that the infectious 
units are microscopic. 

Therefore, it was not at all certain whether gauze masks -with pores of rela- 
tively large magnitude, such as may be worn by individuals exposed to airborne 
contagion of human tuberculosis, would filter out the highly dangerous invisible 
droplet nuclei of tubercle bacilli. There is some evidence that six layer gauze 
masks, especially after repeated washing, will remove bacteria floating in the air 
and yet will not interfere significantly with the free passage of air necessary for 
respiration (3). 

Miss Esta H. McNett, of the Veterans Administration, who devoted many 
years of effort toward devising means of protecting nurses engaged in the care 
of tuberculous patients, has designed a six-layered gauze mask to be worn by 

1 From the Henry Phipps Institute of the University of Pennsylvania, Philadelphia, 
Pennsylvania. 

2 Aided by grants from the Commonwealth Fund, the Ella Sachs Plotz Foundation and 
the National Tuberculosis Association. 

3 Presented before the Conference on Tuberculous Nursing, as part of the symposium on 
Ways to Enhance the V aluc of Services, at the 44th annual meeting of the National Tuber- 
culosis Association, New York, New York, June 14, 1948. 

4 Tuberculosis Control Division, Public Health Service, Federal Security Agency. 

1 





4 


LURIE AND ABRAMSON 


6 rabbits were exposed simultaneously, 4 without masks and 2 with masks. 
Two of the 4 rabbits without masks were killed immediately after exposure in 
order to determine the number of units of living tubercle bacilli retained by the 
lungs. The lungs were removed under sterile conditions, the bronchi cut at 
their junction with the lung parenchyma and weighed. The specimens were 
ground in sterilized, chilled Waring blendors with 9 volumes of cold M/15 Na«- 
HP04 for four minutes. Aliquot portions of this lung tissue brei, as well as 
portions of the same suspensions treated with 6 per cent sulfuric acid, were 
planted on a modified Lowenstein’s medium (5). The number of colonies de- 
rived from a known weight of lung parenchyma indicated the total number of 
viable bacilli present in both lungs. This procedure makes possible the deter- 
mination of the minimum number of bacillary units retained by the lung par- 
enchyma. 

The remaining 4 rabbits were allowed to live until the control unmasked 
rabbits developed strong tuberculin reactions. All of the 4 rabbits were then 
killed and the number of primary tubercles present in their lungs was accurately 
determined by excising each individual primary focus, except as otherwise indi- 
cated. 

The results are presented in table 1 . In columns 3 and 4 of the table are listed 
the number of bacillary units isolated from the lungs of rabbits without masks 
which were killed immediately after exposure. With few exceptions, consider- 
able numbers of tubercle bacilli were isolated in each instance. These ranged 
from 30 to over 1,000 and averaged 275 tubercle bacilli units per rabbit. Every 
one of the rabbits that survived four or more weeks, exposed without masks, 
developed primary tubercles which ranged in number from 3 to 136 and averaged 
28 tubercles per animal. Twelve of the 20 masked rabbits which were simultane- 
ously exposed, and killed at the same time as the controls, showed no grossly 
visible tubercles. Two such examples of the effectiveness of the gauze mask in 
the protection against tuberculosis are illustrated in figures 4 and 5. The re- 
maining masked rabbits were not completely protected. While the rabbits 
without masks exposed simultaneously with the masked animals developed from 
3 to 136 tubercles and averaged about 31 per rabbit, the masked rabbits de- 
veloped from 1 to 9 tubercles and averaged less than 4 per rabbit. Thus, even 
in the instances where the masks failed to afford complete protection, they 
prevented the inhalation of infectious particles to such an extent that the num- 
ber of tubercles developed was reduced eightfold. 

If the total number of tubercles developed by the 18 rabbits without masks 
is compared to the total number of tubercles developed by the 19 masked rabbits 
simultaneously exposed, the resulting values are 28 tubercles per rabbit for un- 
masked animals and 1.4 tubercles per rabbit for the masked animals. This 
represents a 95 per cent efficiency for the mask in suppressing grossly visible 
primary pulmonary tubercles. 

In an effort to eliminate the role of variations in individual resistance to tuber- 
culosis, another experiment was done. Six inbred rabbits, of the cross between 
the A and D families (6), were exposed simultaneously to the inhalation of large 



tiii: n*riru:Nrv ok masks i.v hahhits 


o 


numbers of droplet nuclei of tubercle bacilli of the Ravenel strain. '1'hroo were 
masked and three were without masks. The results are presented in table 2. 
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* Died one day after exposure; no tulierele bacilli could lie demonstrated in the lungs 
by culture or guinea pig inoculation. 

** Died one day after exposure; -17 tubercle bacilli cultured from lungs. 

*** Died immediately after exposure; tubercle bacilli demonstrated in lungs by guinea 
pig inoculation. 

**** Died four days after exposure; 172 tubercle bacilli cultured from lungs, 
f Number of tubercles determined by careful inspection nnd palpation. 

The number of bacilli inhaled was such that the unprotected rabbits developed 
12(5, 219, and 223 tubercles, respectively, in the lungs live weeks after exposure. 
On the other hand, of the masked rabbits, two, which were killed simultaneously 




Fig. 4 


Fig. 5 


Fig. 4. The lungs of rabbit M-13 (unmasked) and of rabbit M-17 (masked), at autopsy 
thirty-four days after a simultaneous exposure to droplet nuclei of virulent, bovine type 
tubercle bacilli. Fifty-nine primary tubercles were counted in the lungs of the control 
rabbit (M-13). No tubercles were seen in the masked animal (M-17). 

Fig. 5. The lungs of rabbit M-25 (unmasked), and of M-2G (masked) at autopsy forty- 
four days after a simultaneous exposure to droplet nuclei of virulent bovine type tubercle 
bacilli. Twelve primary tubercles were counted in the lungs of the control rabbit M-25. 
No tubercles were seen in the masked animal (M-2G). 

TABLE 2 


Efficiency of gauze masks in Ihc protection of rabbits against the inhalation of droplet nuclei 

of tubercle bacilli — Experiment 11 



CONTROL 

MASKED 

Rabbit number 

A D 2-31 

A D 3-9 

A D 3-5 

A D 3-4 

A D 2-37 

A D 2-2S 

Mask number and times used pre- 
vious to experiment 

Number of tubercles in both 
lungs 

none 

223 

none 1 

12G 

none 1 

219 

No. 3, 3 

60 | 

No. 2, 7 

7 

No. 1, 5 

0* 


* Rabbit died 3 days after exposure; no tubercle bacilli could be obtained from the 
lungs bj' culture or guinea pig inoculation. 
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with the control rabbits, had 60 and 7 tubercles, respectively, in their lungs. 
One rabbit died three days after exposure. No tubercle bacilli could be demon- 
strated either by culture or guinea pig inoculation in this rabbit’s lung. Thus, 
the efficiency of the masks in this experiment, based on the standards out lin ed 
above, was approximately 88 per cent, which is not materially different from 
that in the previous 10 experiments. 

Addition of the results obtained with these 6 rabbits exposed to massive num- 
bers of tubercle bacilli to those listed in table 1 reveals an average of 51 tubercles 
per rabbit in the unmasked animals and 4.3 tubercles per rabbit in the masked 
animals, or a mask efficiency of approximately 92 per cent. 

In column 2 of table 1 are given the serial numbers of the masks used for each 
rabbit. In each experiment the number of the mask listed first was used for 
rabbit 5 and the mask listed second was used for rabbit 6. In the same column 
are indicated the number of times each mask was used and the number of times 
it had been washed and autoclaved before further use. In some experiments 
the masks consisted of six layers of gauze, in others they were three-layered. 
It will be noted that no consistent difference in the efficiency of these masks was 
found under these varying conditions. 

DISCUSSION 

It has been found in this study that, if all the air respired by rabbits exposed 
to the inhalation of droplet nuclei of virulent bovine tubercle bacilli passes 
through three or six layer gauze masks, there is a 90 to 95 per cent reduction 
in the incidence of primary pulmonary tuberculous foci which develop within 
five weeks. It would follow, therefore, that, if the respired air contains but a 
few bacilli, the masked animal will usually be protected from an otherwise fatal 
infection. Indeed, 12 of 20 masked animals were completely protected against 
air-borne contagion of such intensity that from 29 to 1,027 tubercle bacilli units 
were deposited in the lungs of simultaneously exposed unmasked rabbits. 

Measurements of the thread diameters and interthread spaces of these masks 
showed (7) that the superimposition of three to six layers of this material would 
occlude practically all of the spaces and in this way explain the results of the 
experiments. 

It is not unreasonable to assume that the depth and force of the inspiration of 
the rabbits during their exposure, which varied with each animal, may be a 
determining factor. The deeper and more forceful their inspiration, the less 
effective may be the filtering capacity of the masks. This remains to be deter- 
mined. There are many other facts which can be ascertained relative to this 
problem by the methods described in this paper. 

In applying these data to the protection of human beings one must be ex- 
tremely guarded. The masks were so applied to the rabbits that all of the 
respired air passed through the masks. To be equally effective for human beings 
exposed to air-borne infection of tuberculosis, the mask must be worn in an equally 
effective manner. It would seem that this offers no insurmountable difficulty. 
If the frame into which the mask fitted could be constructed of pliable material 
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■which could be accurately applied to the contour of the individual's face around 
the nose and mouth, and if this contact could be made airtight, there is no rea- 
son to believe that the mask could not effectively filter out the dangerous in- 
visible particles that are concerned with the inception of pulmonary tuberculosis. 
The masks protected rabbits from air populated with droplet nuclei of tubercle 
bacilli to a degree that would be rarely, if ever, found in the air respired by hu- 
man beings. For, as is well known, human primary tuberculosis usually origi- 
nates as a single pulmonary focus, whereas the unmasked rabbits in these experi- 
ments developed an average of 51 primary tubercles. Nevertheless, it seems 
reasonable to advise persons wearing masks for this purpose to refrain from deep 
inspiration as much as possible as it is not unlikely that forceful suction pro- 
duced by deep inhalation may diminish the filtering efficiency of the masks. 

Conversely, as has been shown by Jennison (8), masks worn by coughing 
patients can hardly be expected to retain the invisible droplet nuclei containing 
tubercle bacilli propelled through them by the often extremely forceful expirator 3 f 
chest movements during fits of coughing. 

SUMMART 

Under the conditions of these experiments, from 90 to 95 per cent of patho* 
genic droplet nuclei of virulent bovine tubercle in the respired air can be re- 
moved by gauze masks properly worn by rabbits during quiet breathing of heavify- 
infected ah. 

A method is described by which much pertinent information in regard to this 
problem can be acquired. 

The application of these data to the wearing of masks by human beings ex- 
posed to air-borne tuberculous contagion is discussed. 

SUMARIO 

La Eficacia de las Mascaras de Gasa para la Protcccion de los Conejos contra la 
Inhalacion de Nucleos de Bacilos Tubcrculosos cn Golillas 

En las condiciones de los experimentos descritos, pueden eliminarse del aire 
respirado de 90 a 95 por ciento de los nucleos en gotillas patdgenas de bacilos 
bovinos virulentos, por medio de mdscaras de gasa debidamente puestas en 
conejos, durante la respiracidn tranquila de aire intensamente infectado. 

Describese un mdtodo que permite adquirir mucha information pertinent© 
acerca de este problema. 

Se discute la aplicacion de los datos obtenidos al uso de mdscaras por los 
seres humanos expuestos al contagio tuberculoso por via adrea. 
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PULMONARY RESECTION IN THE TREATMENT OF TUBERCULOSIS 1 - 2 
JOSEPH W. GALE, HELEN A. DICKIE, and ANTHONY It. CURRERI 

INTRODUCTION 

Surgical collapse therapy in the treatment of pulmonary tuberculosis has 
progressed to the stage where indications for operative interference have been well 
established and final results can be predicted with more than a reasonable degree 
of assurance. There remains, however, a certain group of patients who have 
failed to convert after the use of conventional methods of surgical collapse and 
who need further surgical measures to rid them of active tuberculous foci. 
Therefore, it is not surprising that pulmonary resection, so successful in its 
application in the treatment of various nontuberculous lesions, should have been 
tried in these cases. 

In 1942 Thornton and Adams (1) collected and reported the cases of resection 
for pulmonary tuberculosis. There were 29 cases of pneumonectomy with a 
mortality of 45 per cent and 46 cases of lobectomy with a mortality of 25 per 
cent. The group varied so greatly that it was impossible to evaluate the results. 

Recently Janes (3), Maier and Klopstock (5), Overholt cl al. (7), Sweet (21), 
Bailey (9), and Clagett and Seybold (14) have reported larger individually con- 
trolled groups. The results of these studies show a more encouraging picture 
as to early operative mortality and end results. The improvement in the results 
is to be expected in view of the refinements in surgical technique employed in 
dealing with the hilar structures. More recently, however, Alexander (10) 
has compiled the largest group of cases (411) and found that only 45 per cent are 
apparently well and without tubercle bacilli in their sputum, 25.5 per cent are 
dead, and 29.5 per cent of the whole group have active uncontrolled disease. A 
study of such a large group demonstrates quite clearly that resection, as used 
to date, is not the answer to the problem. 

The present report deals with 80 resections performed at the State of Wisconsin 
General Hospital over a period of three years. The patients were referred from 
various sanatoriums throughout Wisconsin. Most of them had had some typo of 
collapse therapy prior to admission and they represented a group in need of 
further treatment. After thorough study they were brought before the’ com- 
bined medical and surgical staffs concerned with the treatment of pulmonary 
tuberculosis. Further measures were discussed and decided upon. In this 
group of patients such a concerted study was preferred to the decisions of only 
one or two individuals. 

1 From the Departments of Surgery and Medicine, University of Wisconsin Medical 
School, Madison, Wisconsin. 

2 Presented before the Medical Section, as part of the Symposium on Surgery — Trends — 
Laic Rcsulls, at the 44th Annual Meeting of the National. Tuberculosis Association, New 
York, New York, June 16, 194S. 
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OPERATION 

The operative technique employed was quite similar to that used by others. The 
patient was placed on his less involved side. If there was excessive bronchial secretion, 
a bronchoscopy was done and the offending side plugged with a Tampax pack. The 
anesthetic agent varied and consisted for the majority of the patients of cyclopropane 
induction followed by ether. The incision most recently employed was that used for 
first-stage thoracoplasty. This is of definite advantage if thoracoplasty is to be per- 
formed at the same sitting. The sixth or seventh rib was resected after the intercostal 
nerves of the resected and adjoining ribs were crushed to reduce postoperative pnin. 
hollowing resection, one gram of streptomycin and 100,000 units of penicillin were intro- 
duced into the pleural space. No drainage was used following pneumonectomy but in 
all cases of lobectomy drainage was instituted and maintained for at least forty-eight 
hours. If additional air or fluid accumulated after removal of the tube, aspiration was 
done promptly to promote complete expansion of the remaining lobe or lobes. The intra- 
pleural pressure was kept negative following pneumonectomy. Thoracentesis was re- 
peated even' other day. Fluid was withdrawn, one-half gram of streptomycin instilled, 
and the pleural pressure readjusted. These procedures were continued until the pleural 
space was obliterated and fluid no longer accumulated. Patients who had had a previous 
thoracoplasty were observed closely because the small pleural space following pneumon- 
ectomy reacted quickly, and at times violently, to minor pressure changes. It is felt 
that the early obliteration of the plcuntl space lias been most valuable in preventing the 
development of early and late tuberculous empyema. Upper stage thoracoplasty was 
done at the time of resection if the condition of the patient permitted. If not advisable 
then, it was carried out as soon afterwards as possible. 

Phrenieoetomy was done routinely following pneumonectomy but the function of the 
diaphragm was preserved following lobectomy to ensure normal activity of the remaining 
lobe and ns a guard against atelectasis. Bronchoscopy was used immediately post- 
operatively only if secretions had been troublesome during the operation. Blood trans- 
fusions were used freely during the operation and throughout the postoperative period. 
The patient was placed in the Trendclcnbcrg position for the first twenty-four hours. 
Frequent vigorous changes in position were mandat ory. Subcutaneous and intravenous 
fluids were given until the patient was able to maintain his fluid balance. The patient 
was returned to the sanatorium ns soon ns 1)0 was judged fit to travel by ambulance. 

INDICATION'S 

Many factors enter into the consideration of any patient as a candidate for 
resection. Nevertheless, certain broad indications must be adopted in order to 
have a starting point. The indications used in this group of patients conform 
surprisingly well to those followed by a number of other surgeons (table 1). 

Thoracoplasty failure: The group of pat ients in whom thoracoplasty had failed 
represented the chief indication for resection (tables 2 and 3). There were 41 
such cases (51.25 per cent). Twenty-six (32.5 per cent) had pneumonectomy and 
fifteen (1S.75 per cent) had lobectomy. Frequently there were other important 
lesions present, some of which may be considered as definite indications for 
resection; but these were considered secondary if a previous thoracoplasty had 
been performed. Seventeen patients had received pneumothorax, 12 had stenosis 
of the lobar or stem bronchus, 7 showed severe bronchiectasis, 6 had repeated 



12 


GALE, DICKIE AKD CURRERI 


pulmonary hemorrhages, and 2 had empyema, one tuberculous, the other a 
mixed infection. The lobectomy group contained 9 with bronchiectasis, 8 with 
cavity or cavities, 3 with atelectasis, 2 with recurrent hemoptysis, and one with 
lobar stenosis. 

TABLE 1 


Broad, indications for resection ( various surgeons ) 


NAME 

THORA- 

COPLASTY 

FAILURE 

BRONCHO' 

STENOSIS 

TUBER- 

CULOMA 

LOWER LOBE 
AND 

BASAL CAVITIES 

TUBERCULOUS 

BRONCHTECTASI! 

GIANT 

CAVITY 

3 DESTSOYE 
LUNG 

PNEUMO* 
n THORAX 
FAILURE 

Adams (2) 

+ 


+ 

+ 

+ 

+ 


Alexander (11) .... 

1 Patients for whom collapse therapy is unsuitable or for whom it has 


I 


been tried unsuccessfully 



Clagctt (13) 

+ 

+ 

+ 


+ 

+ 


Dolley (12) 

+ 

+ 


4* 

+ 

Ten- 








sion 








cav- 








ity 


Janes (4) 

+ 

4* 

+ 

If pneumo- 



+ 





thorax or 








phrenic 








surgery 








fails 




Jones (15) 

+ 

4* 

+ 

+ 

+ 


+ 

Kinsella (16) 

+ 

+ 



+ 



Maier (6) 

+ 

4” 

+ 

+ 

+ 

+ 

+ 

O’Brien (17) 

4- 

Over 70 

+ 

+ 

Does not 


+ 



per cent 



respond 








to strep- 








tomycin 








or is vcr 3 ' 








exten- 








sivc. 



Ochsner (18) 

+ 

+ 

4" 





Overholt (8) 

+ 

+ 

Of size 

4* 

+ 

+ 


Samson (19) 

4- 

+ 

+ 

+ 

+ 

+ 


Stricder (20) 

4- 

+ 

4* 


+ 

Ten- 








sion 








cav- 








ity 


Sweet (22) 

+ 

4* 

4- 

4~ 

Distal to 








obstruc- 








tion. 



Woodruff (23) 

+ 

High grade 

+ 

4' 




Authors 

+ 

+ 

+ 

4* 

4- 

+ 

+ 


Bronchostenosis: The second most common indication for resection was 
bronchostenosis, which was present in 16 cases (20 per cent). Thirteen (16.25 
per cent) of this group had pneumonectomy and 3 (3.75 per cent) lobectomy 
(tables 4 and 5). In the pneumonectomy group there were 5 cases of atelectasis, 
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TABLE 2 


Thoracoplasty failure (lobectomy) 


r*nnv*r # 
ACt* rtx 

t 

! STAGE PIT* ATI OS 

! rxrvjors 
j tu n:\rv 

t invotatisent 

i 

X-OTircrouv 

DATE 

J rostoroiAnvr. course 

PRESENT STATES 

r. n. 

52 

M 

j IT, 5 ym» 

| ThrwfcpopJvty 

j Bronrh!(yta«is RU 
! ami Ml, pnr.iuio- 
j nitia 

nil and Ml 
4-24-45 

| Continued improvo- 
j meat 

9-1-47 <, neffativo ,, spu- 
tum, full time work 

r. r. 

$* 

r 

j 111,9} tan 
j rhrrnip *ur* 

| /Try, tho* 

> rAcop!x«ty f 
j revision 

j Cavity UVL, bron* 

| ch:cctAsi^atcl(vta« 

’■ *!«, bronchitis 

nvL 

j 5-23-45 

( 

j 

1 

! Uneventful 

1 

i 

January W4S ”n ega- 
tivc” sputum, work- 
ing as nurse, symp- 
tom free 

n. r. 

• i 

r 

i III, 3 years 
| Parorontho- 
j r\x, pneu* 
j xu open to* 
j cpim, t ho* 
j TAfOplMty 

! Cavity 1,1*1 

t 

! 

! 

! I.l?l 
j 5-24-45 

i 

1 

Died in October 1947. 
Spread to contralateral 
lunc 

Dead 

k. n. 

i< 

it 

III, 5 yftin 

IV. nmo tho- 
mx, thorn* 
wpl.i'ty 

j Bronchiectasis LUL j 
j with hemoptysii 

\ 

i 

1 LUL 

1 10-1-45 

j 

i 

Severe dyspnea for 4 
weeks becnuscoflow i 

respiratory reserve i 

! 

1 

9-5-47 “negative” spu- 
tum, at homo, work- 
ing, roentgenogrnuns 
stable 

a. n. 

35 

K 

III, S years 
I’hrcnic sur- 
rorv, thorn- 
coplasly, re- 
vision 

! Bronchiectasis and 
| cavity RUL, ete- 
j no*i« Til bronchus 

! 

! i 

RUandMl 

1 1-30-46 

Atelectasis RLL (or 4 1 
days 

0-1-47 "negative" spu- 
tum, at home, con- 
tinued noil 

l. n. 

23 

It 

HI, 6 years 
Thors eoplwty 

Atelectasis RUL with 
bronchiectasis 

RUandMl 

2-21-47 

j 

Vertigo ductostrepto- 
mycin 

9-24-47 “negative” 

sputum, 12-20-47 

“negative” sputum, 
rehabilitation at 

sanatorium 

A. \Y. 

44 

It 

III, 4 years 
Pneumotho- 
rax, thorn- ; 
coplnsty 

KU nn«l ML Bron- 
chiectasis 

RU and ML 
2-26-47 

Uneventful 

9-1-47 “negative” spu- 
tum, no chnngo 
January' 194$, 4-J5-48 
“negative” sputum 

V. 0. 

25 

M 

II, 5 years 
Phrenic sur- 
pery, thora- 
coplasty 

Bronchieetasis RUL 

■ 

Developed cavity in 
contralateral upper 
lobo November 1947 
closed and remained 
closed 

9-1-47 “negative” spu- 
tum, 1-19-48 “nega- 
tive” sputum 

A. W. 

33 

M 

ITT, 0 years 
Thoracoplasty, 
revision, 
pneumotho- 
rax on oppo- 
site side 

Cavity RUL 

RU and ML 
7-1S-47 

Dyspnea and palpita- 
tion, responded 

Blowly 

8-14-47 sputum posi- 
tive for tubercle ba- 
cilli, 4-15-48 sputum 
positive for tubercle 
bacilli 

R. B. 

44 

It 

IIT, 3 years 
Thoracoplasty 
for tonsion 
cavity 

Largo cavity RUL, 
hemoptysis, rod 
bronchus 

Ru and ML 
9-17-47 

Slow continued im- 
provement 

10-29-47 sputum posi- 
tive for tubercle ba- 
cilli, 3-1-48 “nega- 
tive” sputum fol- 
lowing three cultures 
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TABLE 2 — Concluded 


PATIENT, 
AGE, SEX 

STAGE DURATION 
PREVIOUS 
THERAPY 

INVOLVEMENT 

LOBECTOMY 

DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

H. D. 

27 

F 

III, 5 years 
Thoracoplasty 

Multiple cavities 

RUL, bronchiecta- 
sis 

RUL 

10-15-47 

Atelectasis of 11 and 
L immediately post- 
operativety subsided 

3-9-4$ “negativo" spu- 
tum, roentgenograms 
stable 

M. A. 

38 

F 

III, 12 years 
Thoracoplasty 

Cavity KUL 

RUL 

10-24-47 

Reactivation of tuber- 
culosis otitis media 

ll-S-47 ‘'negative” 

sputum, 4-1-48 

“positive” sputum, 
otherwise excellent 

H. S. 

52 

M 

IH, 3 years 
Thoracoplasty 

Cavity and bronchi- 
ectasis RUL 

RUL 

10-24-47 

Chest has remained 
stable 

11-1S-47 “negativo” 
sputum, 4-15-4S 

“negative” sputum 

I. M. 0. 

36 

F 

III, 9 years 
Pneumotho- 
rax, thora- 
coplasty 

Atelectasis and fibro- 
sis LUL 

LUL 

12-22-47 

Auditory and visual 
hallucinations 

4-15-48 “negative’* 

sputum 

E. L. 

43 

F 

■ 

III, 15 years 
Thoracoplasty 

Largo thin-walled at 
medial side of left 
apex 

LUL 

2-10-48 

Uneventful 

4-15-48 sputum “nega- 
tive** on smear 


2 with repeated hemoptysis, and 3 with cavities. One patient (M.M.) did not 
have a thoracoplasty following lobectomy and developed a "spread” in the apex 
of the right lower lobe eight months later. A thoracoplasty was performed to 
control the "spread.” 

Tuberculous bronchiectasis: The third most common indication, tuberculous 
bronchiectasis, concerned only 8 cases (10 per cent). All patients in this group 
had lobectomy with the removal of one or two lobes. Two had cavitation of the 
involved lobe, in addition one had repeated hemoptyses, and one a contralateral 
pneumothorax at the time of resection. Three patients had thoracoplasty per- 
formed at the time of lobectomy, and three soon thereafter. One patient (M.M.) 
had a segmental resection of the apex of the lower lobe. This was the only time 
segmental resection was done in the entire series. One postoperative death 
occurred. 

Lower lobe lesions: The group of lower lobe lesions consisted of 4 cases (table 
7). The patient (J.DeS.) might have been placed in another group but the exist- 
ence of a tuberculoma in the lower lobe would appear to justhy his being included 
here. 

Pneumothorax failure: Four cases with unsuccessful pneumothoraces have been 
included (table 8). One patient (C.S.) suffered a spontaneous collapse as the 
first recognized symptom early in the course of his disease; this resulted in a 
tuberculous empyema and a nonexpansile lung. Two patients had nonexpansile 
lungs. One patient had a thick-walled cavity in a well collapsed right upper 
lobe. Two had lobectomy, one with decortication and expansion of the remaining 
lobe, while 2 had pneumonectomy. All received a later thoracoplasty. 

Destroyed hing: Three patients had far advanced lesions with widespread 






































TABLE 3 


Thoracoplasty failure ( pneumonectomy ) 


PATIENT, 
AGE, SEX 

STAGE DURATION 
PREVIOUS 
THERAPY 

INVOLVEMENT 

PNEU- 

MONEC- 

TOMY 

DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

H. S. 

SS 

F 

m, 8 years 
Sanatorium, 
phrenic sur- 
gery, pneumo- 
thorax, thora- 
coplasty 

Stenosis LUL bron- 
chus, ntoleotasis of 
UL 

Left 

12-7-44 

Coughed up silk sutures 
6 months later; spread 
to right lung which 
cleared; reactivation 
right lung February 
1948 

11-25-47 sputum "posi- 
tive,” 4-15-48 spu- 
tum "positive” 

I.M. 

35 

F 

XU, 5 years 
Sanatorium, 
phrenic sur- 
gery, thoraco- 
plasty 

Extensive cavitation, 
(Destroyed lung) 

Right 

5-21-45 

Uneventful 

3-1-47 sputum “nega- 
tive,” continued well, 
4-15-48 full time 
work 

L. W. 

35 

SI 

III, 5 years 
Pneumothorax, 
thoracoplasty, 
revision 

Persistent cavity, he- 
moptysis 

Right 

6-2M5 

Hemothorax, postopera- 
tively controlled 

9-1-47 sputum “nega- 
tives,” TB sinus 
chest wall. Reoper- 
ated 4-15-48 nega- 
tive) 

S.L. 

38 

F 

m, 15 years 
Phrenic sur- 
ges, thoraco- 
plasty, re- 

vision 

Bronchiectasis, high 
grade stenosis right 
stem bronchus 

Right 

10-25-45 

Uneventful 

4-15-48 sputum “nega- 
tive,” part time 
work, low pulmo- 
nary reserve os be- 
fore operation 

T.E. 

45 

M 

HI, 4 years 
Pneumothorax, 
thoracoplasty 

Stenosis RUL bron- 
chus, mixed infec- 
tion empyema 

Right 

4-30-46 

Immediate reactivation 
on left with effusion, 
cleared with strepto- 
mycin 

3-948 sputum “nega- 
tive” 

A. K. 

40 

F 

II, 10 years 
Phrenic sur- 
gery, pneumo- 
thorax, thora- 
coplasty 

RUL cavitation, 

bronchiectasis, red 
bronchus 

Right 

6-14-46 

Uneventful 

9-1-47 sputum "nega- 
tive,” at home; 
January 1948 con- 
tinues well; excellent 

E. L. 

25 

F 

ITT, 7 years 
Pneumothorax, 
phrenic sur- 
gery, thoraco- 
plasty 

Atelectasis with tu- 
berculous bronchitis 

Right 

6-20-46 

Uneventful 

9-1-47 sputum “nega- 
tive,” full time work, 
continues well 4-15- 
48 

V. K. 

20 

F 

III, 6 years 
Pneumothorax, 
thoracoplasty 

RUL bronchial steno- 
sis, atelectasis of 
right lung with 
cavity 

Right 
| 7-2-46 

Ulceration of bronchial 
stump, visible silk su- 
tures, to be removed 

12-1-47 sputum “posi- 
tive,” should clear 
with removal of silk 
sutures 

L. K. 

29 

M 

III, 4 years 
Pneumothorax, 
thoracoplasty 

Stenosis of left stem 
bronchus; tubercu- 
lous bronchitis, 

active 

Left 

7-3-45 

Reactivation on right 
August 1947 after dis- 
charge from sanato- 
rium, cleared with 
streptomj'cin 

10-2-47 sputum “posi- 
tive,” 4-15-48 spu- 
tum “negative” 

A. B. 

38 

M 

III, 13 years 
Phrenic surgery, 
pneumotho- 
rax, thoraco- 
plasty 

Cavitation LUL, ste- 
nosis stem bron- 
chus, suppurative 
pneumonitis 

Left 

2-10-47 

Continued improve- 

ment 

9-1-47 sputum “posi- 
tive,” 1-24-4 S spu- 
tum “negative,” 2- 
2S-4S sputum “nega- 
tive,” at home 

E. F. 

54 

M 

III, 9 years 
Thoracoplasty 

Persistent cavitation, 
intermiitenthemop- 
tysis 

Right 

3-11-47 

Died suddenly 9-7-47 of 
coronary occlusion 

Sputum “negative” 

9-1-47 six days be- 
fore death 


15 


































































TABLE 3 — Continued 


PATIENT, 
AGE, SEX 

STAGE DERATION 
PREVIOUS 
THERAPY 

INVOLVEMENT 

PNEU- 

MONEC- 

TOMY 

DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

F. S. 

27 

F 

III, 2 years 
Thoracoplasty 

Fibrocaseous tubercu- 
losis with cavita- 
tion, bronchiectasis 
and increasing ate- 
lectasis 

Right 

3-11-47 

Reactivation at left 
apex, streptomycin 
for 90 days halted dis- 
ease, now stable 

9-1-47 sputum "posi- 
tive, ” 2-2S-4S spu- 
tum “negativo" 

C. It. 

22 

F 

III, 6 years 
Pneumothorax, 
thoracoplasty 

Fibrocaseous with 

cavitation, stenosis 
right stem bronchus 

Right 

3-25-47 

Ulceration of bronchial 
stump 10-1-47, cleared 
following streptomy- 
cin for 150 days 

9-1-47 sputum “posi- 
tive," 2-1 5-4 S spu- 
tum “negative” 

S. M. P. 

44 

F 

in, 19 years 
Thoracoplasty 

Pyogenic infection su- 
perimposed on cav- 
ernous lesion, un- 
controlled cough 

Lett 

5-2-47 

Streptomycin reaction, 
cyanosis, dyspnea; a 
respiratory cripple 

9-1-47 sputum “posi- 
tive,” dyspnea im- 
proving, died 2-2S-4S 
cardiac failure 

M. K. 

41 

F 

III, 6 years 
Phrenic sur- 
gery, pneumo- 
thorax, pneu- 
moperitone- 
um, thoraco- 
plasty 

Bronchiectasis RU 
and ML, repeated 
hemoptysis 

Right 

5-10-47 

Complicating peptic ul- 
cer, bleeding; lung 
stable 

10-1-47 sputum “nega- 
tive;” continues well 
4-15-4S 

N. D. P. 

44 

SI 

III, 7 years 
Pneumothorax, 
pneumoperi- 
toneum, 
phrenic sur- 
gery, thoraco- 
plasty 

Extensive lesions 

throughout lung, 
active bronchitis 
cleared with strep- 
tomycin 

Lett 

7-2S-47 

I 

Convalescence satisfac- 
tory, now in rehabili- 
tation in sanatorium 

1-5-48 sputum "nega- 
tive” 

A. J. 

34 

F 

m, S years 
Thoracoplasty, 
revision 

Stenosis RTJL bron- 
chus, cavitation U 
and LL, bronchi- 
ectasis 

Right 

9-11-47 

Left lung has remained 
stable 

4-15-4S Bputum “nega- 
tivo” 

I. W. 

44 

F 

i III, 5 years 
Permanent, 
phrenic sur- 
gery, thora- 
coplasty 

Pinpoint stenosis, 

suppurative pneu- 
monitis, hemopty- 
sis, bronchiectasis 

Lett 

9-15-47 

Right lung continued to 
remain quiescent 

1-4-48 sputum “nega- 
tive,” on rehabilita- 
tion in sanatorium 

E. T. 

28 

F 

II, 7 years 
Phrenic sur- 

gery, thora- 
coplasty 

Fibrocaseous tubercu- 
losis, bronchiecta- 
sis, repeated hemop- 
tysis 

Left 

10-10-47 

Rapid convalescence 

12-20-47 sputum “neg- 
ative,” right lung 
normal 3-24-4S 

F. It. 

21 

SI 

III, 2 years 
Phrenic sur- 
gery, pneu- 
moperito- 
neum, thora- 
coplasty 

Multiplo bronchiec- 
tatic cavitation, re- 
peated hemoptysis 

Left 

10-15-47 

Has remained quiescent 
since operation 

Six sputum "negative” 
cultures einco opera- 
tion 

SI. G. 

2S 

F 

III, 8 years 
Phrenic sur- 

gery’, thora- 
coplasty 

| Stenosis left stem 
bronchus, many 

bronchiectatic cavi- 
ties, cavities in LL 

Lett 

11-2S-47 

1 

i 

Streptomycin started 3- 
4-4S, no evidcnco of 
spread or reactivation 

3-24-48 sputum “posi- 
tivo” 

L. Y. 

21 

F 

III, 4 years 
Thoracoplasty 

Multiple cavities, 

bronchiectasis 

> 

Lett i 
12-3-47 j 

Right lung has contin- 
ued to remain stable 

1-2-4$ sputum "nega- 
tive” 


3G 
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TABLE 3 — Concluded 


PATIEXT, 
AGE, SEX 

! 

STAGE DURATION 
PREVIOUS 
THERAPY 

INVOLVEMENT 

PNEU- 

MONEC- 

TOMY 

DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

C. L. 

4$ 

M 

III, 9 years 
Pneumothorax, 
oleothorax, 
thoracoplasty, 
streptomycin 

Pinpoint stenosis 

stem bronchus, cav- 
ity at apex, tuber- 
culous empyema 

Left 

12-8-4? 

Condition has gradually 
improved 

2-8-48 sputum “nega- 
tive” 

M. M. 

22 

F 

III, 3 years 
Pneumothorax, 
promine, tho- 
racoplasty 

Bronchiectasis, stric- 
turo LL bronchus, 
atelectasis 

Left 

12-18-47 

Patent ductus ligated at 
operation 

1-4-48 sputum “nega- 
tive,” right lung 
stable 

SI. H. 

26 

F 

III, 5 years 
Thoracoplasty, 
1945 

Swelling of right stem 
bronchus, bronchial 
“spread" 

Right 
2-MS ! 

Continued improve- | 
meat 

4-15-48 sputum “nega- 
tive” 

D. W. 

30 

F 

1 

III, 5 years 
Phrenic surgery, 
right 1944; 

thoracoplasty, 
right 1946 

Tuberculous granula- 
tions in right stem 
bronchus, mucopu- 
rulent secretions 

Right 

2-12-4S 

Continued improve- 
ment 

4-15-4S sputuzn “nega- 
tive” 


TABLE 4 


Bronchial stenosis ( lobectomy ) 


PATIENT, 
AGE, SEX 

STAGE DURATION | 
PREVIOUS 
TITERArY 

INVOLVEMENT 

LOBECTOMY 

DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

M. II. 

31 

F 

II, 5 years 
Pneumothorax, 
pncumonoly- 
sis, phrenic 
surgery 

Stenosis of RUL 
bronchus with ate- 
lectasis; recurrent 
pneumonitis 

RUL 

9-14-46 

i 

Thoracoplasty in 

May 1947 for basal 
spread 

February 1948 gastric 
culture “negative”; 
starting exercise in 
sanatorium; condi- 
tion excellent 

V. T. 

27 

II 

III, 3 years 
Pneumothorax, 
pneumonoly- 
sis, phrenic 
surgery 

Bronchitis right stem 
bronchus; recur- 
rent pneumonitis, 
cavities in LL 

RM and LL 
, phrenic 

S-16-4G 

Continued improve- 
ment 

0-7-47 “negative” 

sputum, slight dysp- 
nea on extreme 
exertion; “nega- 

tive” sputum, Feb- 
ruary. 194S 

L. 11. 

20 

F 

II, 5 yearn 
Phrenic surgery, 
extrapleural 
pneumothorax 

Stenosis RUL bron- 
chus, atelectasis 
UL; ulcerative 

bronchitis respond- 
ed to streptomycin 

RUL 

10-7-47 

Thomcoplnaty 

10-30-47 

Tuberculous laryn- 
gitis; streptomycin 
12-29-47 to 3-2-48 
with great improve- 
ment 

4-15-48 Repeated spu- 
tum cultures “nega- 
tive” 


destruction of lung parenchyma. One patient (B.P.) had a large mixed abscess. 
These 3 had pneumonectomy followed by thoracoplasty. 

Tension cavity and mistaken diagnosis: Only one patient had a true tension 
cavity (table 10). An upper lobe lobectony was done without subsequent 
thoracoplasty in this patient who refused to consider any type of surgery with 
resultant chest deformity. There were three instances (3.75 per cent) in wliich 















































18 


GALE, DICKIE AND CURRERI 


TABLE 5 


Bronchial stenosis ( pnewnoncctomy ) 


PATIENT, 
AGE, SEX 

1 STAGE DERATION 
PREVIOUS THERAPY 

INVOLVEMENT 

PNEUMONEC- 
TOMY DATE 

POSTOPERATIVE 

COURSE 

PRESENT STATUS 

p. s. 

18 

F 

III, 4 years. 

1 Sanatorium 4 

years, phrenic 
surgery 

Fibroid lesion, atelec- 
tasis, pinpoint ste- 
nosis left stem 
bronchus 

Left 

3-13-46 

Rapid convales- 
cence 

December 1947 "neg- 
ative” sputum, at 
homo, attending 
Bchool 

R. B. 

22 

F 

III, 2 years. 
Pneumothorax 

Incxpansile atelec- 
tatic lung, high 
grade stenosis left 
stem bronchus 

Left 

12-26-46 

Thoraco- 

plasty 

1-29-47 

Uneventful 

9-1-47 “negative” 
sputum, in sana- 
torium, 4-29-48 at 
homo 

R. S. 

29 

F 

III, 7 years. 
Pneumothorax, 
phrenic surgery 

Bronchial stenosis, 
repeated hemopty- 
sis caseous lesions 
throughout 

Left 

3- 17-47 

Thoracoplasty 

4- 9-47 

Chest films con- 
tinue to remain 
unchanged 

3-4-48 ‘‘negative 0 
sputum, at homo 

R. L. 

19 

F 

, III, 4 years. 
Streptomycin for 4 
months in sanato- 
rium 

Stenosis of left stem 
bronchus 

Left 

3- 18-47 

Thoracoplasty 

4- 2-47 

Excellent convales- 
cence 

3-9-48 “negative” 
sputum, at home 

D. K. 

18 

F 

III, 4 years. 
Pneumothorax, 
pneumonolysis, 
phrenic surgery 

Cavitation LUL, 

stenosis of stem 
bronchus, recur- 
rent pneumonitis 

Left 

3- 31-47 

Thoracoplasty 

4- 19-47 

Continued im- 

provement 

4-15-48 “negative” 
sputum 

G. H. 

44 

M 

II, 12 years. 
Pneumothorax 

Stenosis of stem 
bronchus with widely 
disseminated dis- 
ease, cavity UL 

Left 

5- 16-47 

Thoracoplasty 

6- 19-47 

Streptomycin 7-24- 
47 to 9-7-47 be- 
cause of question- 
able pericarditis; 
opposite lung 
stable 

3-15-48 “negative” 
sputum 

A. K. 

23 

F 

III, 6 years. 

Pneumothorax, ' 

phrenic surgery; 
streptomycin for 
00 days in sana- 
torium 1947 

High grade stenosis 
stem bronchus, 

scattered tubercles 
in UL 

Left 

5-28-47 

Thoracoplasty 

0-18-47 

Satisfactory con- 
valescence 

2-11-48 “negative 0 
sputum, in sana- 
torium, 4-15-4S at 
homo 

J. R. 

33 

F 

III, G years. 

Pneumoperito- 
neum streptomy- 
cin, pneumo- 

thorax, 2 phrenic 
operations 

Stenosis of 6tcm bron- 
chus 

! 

Right 

7-29-47 

Thoracoplasty 

6-20-47 

General condition 
continues to im- 
prove 

2-1-48 “negative” 
sputum 

K.P. 

2S 

M 

IU, 34 years. 
Sanatorium 

Stenosis of stem bron- 
chus with complete 
atelectasis 

Left 

8-1-47 

Thoracoplasty 

8-28-47 

Continued im- 

provement in 
sanatorium 

2-1-48 “negative” 
sputum 

A.K. 

47 

M 

II, 1 year 
Streptomycin 4 

months in sana- 
torium, pneumo- 
thorax 

Atelectatic left lung 
with cavity, high 
i grade stenosis 

... . 

Left 

9-29-47 

Died of cerebral 
thrombosis 10-1— 

47 

Dead 

\V. 0. 

*0 

11 

III, 5 years. Pneu- 
mothorax, pneu- 

monolysis, 2 phre- 
j nic operations j 

Stenosis of RLL 
bronchus, hemopty- 
sis, bronchiectasis, 
severe cough 

Right 

11— 10—47 
Thoracoplasty 

12- 3-47 

Severe dyspnea for 

1 month 

Left lung remain* 
stable, 4-15-48 

“negative” spu- 
tum 


























































TABLE 5 — Concluded 


r ATI ENT, 
ace, sex 

st a or. or ration 
previous nrr.RArv ] 

i 

i nvoiat.m r.NT 

tneumonec- 

TOMV DATE 

POSTOPERATIVE 

COURSE 

PRESENT STATUS 

A. 11. 

20 

F 

HI, IS ye.TTN 
Pneumothorax, 
thoracotomy for 
mixed infection 
empyema 

Atelectatic lung, com- 
pi etc bronchial ste- 
no"!?, numerous 
cavities, bronchiec- 
tasis 

Left 

32-10-37 

Thoracoplasty 

12—30—47 

Streptomycin 
Started 2-2 1-4 S , 

because of reopen- 
ing of old chest 
sinus 

4-I5-4S sputum cul- 
tures “negative” 

b. n. | 

21 ! 
F 

i 

II t, 2 yean*. 
Pneumoperito- 
nemn, phrenic 
surgery 

50 per cent steno-is of 
atom bronchus, ac- 
tive bronchitis rrith 
no ulceration 

Left, vrith ; 

thoraco- 
plasty 

1—13—48 

Opposite lung has 
remained stable 

4-15-48 “negative” 
sputum 


TABLE 6 

Tuberculous bronchiectasis ( lobectomi /) 


rATTENT, 
ACE, SEX 

STAC.r. putatjos i 
rxmocs 1 

TnrxArv ] 

INVOLVEMENT 

OIT RATION DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

n.M. 

:g 

M 

II, 7 years. 
Pneumothorax, | 
phrenic sur- I 
rcry 

Bronchiectasis, re* 
j pea ted hemopty- 

sis, cavity LUL 

LU lobectomy 
2-19-13 

Working full time at 
present, lesion stable 
by roentgenography 

8-1-47 “negative* 1 
sputum, full time 
work, 4-15-48 

“negative” spu- 
tum 

B. H. 

59 

M 

III, 3 year?. j 

Bed -rest j 

Bronchiectasis RU 
and ML, severe 

] RU and ML lo- 
I bectomy 
2-16-45 

Developed bronchial 
fistula, putrid empy- 
ema 

Died 55th postopera- 
tive day 

B. K. 

25 

F 

II, 0 months. 1 
Phrenic surgery, 
streptomycin 
35days in sana- 
torium 

Bronchiectasis RU 
and ML, caseous 
lesions bronchial 
distribution 

RU and ML lob- 
ectomy and 
thoracoplasty 
11-12-47 

Streptomycin contin- 
ued until 1-1S-4S, 
total of SO days, 
chest roentgenogram 
reveals stable lesions 

February 1948 "neg- 
ative” sputum 

r. o. 

23 

F 

11, 2 years 
Pneumothorax, 
phrenic sur- 
gery 

Bronchiectasis, 
atelectasis RUL 

RU lobectomy 
Thoracoplasty 

-4-23-47 

Roentgenogram re- 
veals stable lesions, 
streptomycin 8-23- 
47 to 11-25-47, no 
source evident 

9-1-47 “positive” 

sputum, 1-29-48 
“positive** spu- 
tum 

-M. M. 

20 

F 

III, 4 years. 
Pneumothorax, 
phrenic sur- 
gery 

Bronchiectasis 

RUL, copious 
sputum, contra- 
lateral pneumo- 
thorax 

RU lobectomy 
S-21— 47. Seg- 

mental of apex 
LL. 

Thoracoplasty 

9-13-47 

Small bronchopleural 
fistula with mixed 
infection, closed 

with thoracoplasty 

10-21-47 “negative** 
sputum, January 
194S “negative** 
sputum; condition 
excellent 

M. R. 

20 

F 

' 

II, 9 years. 
Pneumothorax 

Bronchiectasis 

LUL 

LU lobectomy 
8-25-47 

Phrenic surgery 

8- 30-47 

Thoracoplasty 

9- 11-47 

Continued good dur- 
ing postoperative 
period 

30-21-17 “negative” 
sputum, January 
1948 “negative** 

sputum; chest sta- 
ble 

S. B. 

20 

M 

III, 2 years. 

2 phrenic opera- 
tions 

Bronchiectasis with 
cavity RUL 

RU lobectomy 

9- 10-47 

Thoracoplasty 

10- 3-47 

Temporary atelectasis 
LL 

10-1-47 “negative” 
sputum, 12-1-17 
“negative** spu- 
tum; being reha- 
bilitated 

H. G. 

36 

F 

III, 1 year. 
Streptomycin 92 

days 

Saccular bronchiec- 
tasis RUL vrith 
cavity 

RU lobectomy 
and thoraco- 
plasty 

2-13-48 

Uneventful 

4-20-48 “negative** 
sputum 


19 
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TABLE 7 
Lower lobe lesions 


PATIENT 

AGE.SEX 

STAGE DURATION 
PREVIOUS THERAPY 

involvement 

OPERATION DATE 

POSTOPERATIVE 

COURSE 

PRESENT STATUS 

M. S. 

26 

F 

III, 2 years. 

Phrenic surgery 

Cavitation RLL, 
copious sputum, 
atelectasis RM 
and LL 

. 

RM and LL lo- 
bectomy with 
phrenic sur- 
gery 

11-7-45 

Continued improve- 
ment 

9-1-47 “negative” 

sputum; at home; 
2-B-4S “negative” 
sputum; lesion 

stable by roentgen- 
ography. 

J. DeS. 
22 

M 

II, 5 years. 

Rest, pneumotho- 
rax unsatisfactory 
because of adhe- 
sions 

Tuberculoma 

LLL, bronchiec- 
tasis UL 

Pneumonectomy, 

Lt 

4-23-47 

Thoracoplasty 

6-19-47 

Continued improve- 
ment since Sep- 
tember 1817 

9-1-47 “positive" 

sputum in sanato- 
rium;six "negative” 
cultures since No- 
vember, 1917 

K. K. 
25 

M 

III, 4 years. 
Pneumothorax, 
streptomycin SI 
days 

Multiple cavities 
RLL 

RLL lobectomy 
with phrenic 
surgery 

9-20-47 

Uneventful, con- 
tinued improve- 
ment in general 
condition 

10-4-47 “negative” 
sputum; 12-20-47 
"negative” sputum 

D. F. 

17 

M 

III, 5 months. 

Rest, streptomycin 
45 days 

RM and LL ate- 
lectasis and 

cavitation 

RM and LL lo- 
bectomy with 
phrenic sur- 
gery 

11-20-47 

Uneventful 

2-2G-48 “negative” 
sputum; condition 
excellent 


TABLES 

Pneumothorax failure 


PATIENT, 
AGE, SEX 

STAGE DURATION 
PREVIOUS THERAPY 

involvement 

OPERATION DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

M. G. 

28 

M 

III, 6 years. 1 

Pneumothorax 

• 

Nonexpansile left 
lung with cavity 
UL 

Pnoumoncctomy, 
left S-S-47 
Thoracoplasty 
$-29-47 

Contralateral plourol 
fluid becamo puru- 
lent with broncho- 
pleural fistula 2-21- 
48 

2-1-4S "positive” 
sputum; not 

good 

R. M. 

42 

M 

II, 5 years. 
Pneumothorax, 
phrenic sur- 
gery 

RUL cavity failed 
to close with pneu- 
mothorax 

RU lobectomy 
9-0-47; 

Thoracoplasty 

9-25-47 

Wound infection ( 
with osteomyelitis 
of ribs following 
thoracoplasty, re- 
operation neces- 
sary 

4-15-48 “nega- 

tive” sputum 

R. N. 

32 

M 

III, 2 years. 
Pneumothorax 
pneumono- 
lysis 

Noncxpansile left 
lung with tuber- 
culous empyema 

LU lobectomy with 
decortication of 
LL 11-3*47; 

Thoracoplasty 
11-17-47 

Uneventful 

4-15-4S “nega- 

tive” sputum 

?, S - 

>« 

M 

III, 1 year. 
Sanatorium 

Spontaneous pneu- 
mothorax, incx- 
pansilo lung, tu- 
berculous empy- 
ema 

Pneumonectomy, 

left 

1- U-4S ; 

Thoracoplasty 

2- 9-45 

2-25-45 i 

Uneventful 

4-1 IMS smears of 
sputum “nega- 
tive” 


the diagnosis of tuberculosis was overlooked previous to operation. In two older 
individuals the preoperative diagnosis was bronchogenic neoplasm and in one 
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TABLE 9 


Destroyed lung ( pneumonectomy ) 


PATIENT, 
AGE, SEX 

STAGE DURATION 1 
PREVIOUS THERAPY 

INVOLVEMENT 

PNEUMONECTOMY 

DATE 

POSTOPERATIVE 

COURSE 

PRESENT STATUS 

B.P. 

30 

F 

III, S yeats 
Unsuccessful 
pneumotho- 
rax 

Multiple cavities through- 
out left lung, extensive 
fibrosis 

Left 

4- 25-47 

Thoracoplasty 

5- 22-47 

Atelectasis RUL, 
cleared 

9-1-47 "negative” 
sputum; gained 
30 lbs; 4-3-48 
clinically -well, 
at home 

F. DeS. 

21 

F 

HI, 4 years 
Phrenic sur- 
gery, repeated 

1 year later 

Cavity PUL, multiple 
bronchiectatic cavities 
in lower lobes, ulcera- 
tive bronchitis right 

10- 20-47, red bronchus 
following streptomycin 

11- 17-47 

Right 

11- 25-47 
Thoracoplasty 

12- 16-47 

Streptomycin 
started 3-2S-48 
in sanatorium 

4-15-48 “positive” 
sputum; bron- 
chial ulceration 

V. J. 

22 ■ 

F 

III, 1 year 
Pneumothorax, 
streptomycin 

3 months 

| Atelectatic lung with 

1 scattered cavities, in- 
fection of left stem 
bronchus 

Left 

32-29-47 

Thoracoplasty 

1-27-48 

Continues to im- 
prove 

4-15-48 “nega- 

tive” sputum 


TABLE 10 


Tension cavity ( mistaken diagnosis) 


patient, . 

AGE, SEX 

STAGE DURA- 
TION PREVIOUS 
THERAPY 

INVOLVEMENT 

OPERATION DATE 

POSTOPERATIVE COURSE 

PRESENT STATUS 

U. G. 

28 

M 

III, 2 years 
Bed-rest 

Tension cavity LUL, 
refused thoraco- 
plasty 

LU Lobectomy 
4-10-47 

Continued improve- 
ment 

January 194S 

"negative” spu- 
tum, playing 
professional 
baseball 

J. B. 

G5 

M 

1 year 

No treat- 
ment 

Hilar mass on right, 

8 by S cm,; bron- 
choscopy negative 

Pneumonectomy, 

right 

10-1-47 

Mistaken diagnosis, 
thought to be can- 
cer, proved to be 
caseous tuberculo- 
sis 

Excellent; full 
time work 

L. E. 

27 

F 

1 

III, 1 month 

Bronchiectasis, ate- 
lectasis of RUL, 

' stenosis of UL 
bronchus 

RU Lobectomy and 
thoracoplasty 
10-11-47 

Thought to be a non- 
tuberculous bron- 
chiectasis; sputum 
“negative” before 
operation; histo- 
pathologic exami- 
nation revealed tu- 
berculosis 

4-I5-4S “nega- 

tive ” sputum; 
excellent 

D. H. 

59 

F 

4 to 5 years 
Deaf mute 

1 

Obstruction in LLL 
bronchus 

Pneumonectomy, 

left 

11-18-47 

Followed by auricu- 
lar fibril., cardiac 
decomp.; digitalis 

Thought to be a 
bronchiogenic can- 
cer before opera- 
tion 

4-1 5-4 S “nega- 

tive” sputum 


other the preoperative diagnosis was nontuberculous bronchiectasis secondary 
to pneumonia. In all of these patients the roentgenographic appearance was not 
characteristic of tuberculosis. In addition to these findings, several sputum 
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smears and cultures examined preoperatively were negative for tubercle bacilli. 
However, the pathologic picture of the resected tissue was characteristic of 
tuberculosis. 

In table 11 may be seen the number of patients having pneumonectoiny and 
lobectomy under the different indications chosen for resection. The greatest 
number (41) were performed for thoracoplasty failure. This is not surprising as 
most of the resections fell under this indication. Forty-seven (58.75 per cent) 
of the patients had pneumonectomy and 33 (41.25 per cent) had lobectomy. 


TABLE 11 
Type of operation 


INDICATIONS 

PNEUMONECTOMY 

LOBECTOMY 

OPERATIVE DEATHS 

Thoracoplasty failure 

26 

15 J 



Bronchial stenosis 

Tuberculous bronchiec- ' 

13 

3 

1 (Pneumonectomy) 

tasis 



S 

1 (Lobectomy) 

Lower lobe lesions 

1 

3 

— 

Pneumothorax failure 

2 

2 

— 

Destroyed lung 

3 

— 

— 

Mistaken diagnosis 

2 

i 

__ 

Tension cavity 

— 

1 

— 

Total 80 patients 

47 (58.75 per cent) 

33 (41.25 per cent) j 

Operative mortal- 
ity 2.5 per cent 


RESULTS 

In the entire group of 80 resections there were 2 operative deaths, giving a 
total series mortality of 2.5 per cent. One patient (B. H.) died on the fifty-fifth 
postoperative day with a bronchopleural fistula and a mixed empyema. The 
other (A. K.) died on the first postoperative day. Postmortem revealed the 
cause of death to be thrombosis of a cerebral artery. 

The various postoperative complications are listed in table 12. Some were 
of a temporary nature but are included to make the report complete and self- 
explanatory. 

The results in relation to indications are presented in table 13. In view of the 
short period of observation which has passed since many of the resections, it is 
not surprising that the 52.5 per cent of the total group, who are apparently 
noninfectious, still remain in the sanatorium. Only 25 patients have been dis- 
charged. The total of 83.75 per cent of the series with cultures negative for 
tubercle bacilli exceeded expectations. A high percentage of reversal of infec- 
tiousness occurred in the cases from the three groups representing the most com- 
mon indications for the procedure. 

In table 14 may be seen the final results obtained in the series of 80 patients, 
as well as the number of reactivations or “spreads” in the ipso-and contralateral 
lung. There were 47 pneumonectomies and 33 lobectomies. Each procedure 
was complicated with four “spreads” or reactivations. No definite conclusions 
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can be drawn, however, from such a small and recently operated group of cases. 
Reversal of infectiousness occurred in 83.75 per cent of the entire group. Three 

TABLE 12 


Complications following pneumonectomy and lobectomy 



PNEUMONECTOMY (47 CASES) 

LOBECTOMY (33 CASES) 

Spread 

Ipsolateral 


2 

Contralateral 

4 

2 

Dvspnea 

1 (for 4 weeks) 

1 (temporary) 

Reactivation of other tuberculous foci 


1 (middle ear) 

Sinus of chest wall (tuberculous) 

2 

1 (larynx) 

Ulceration of bronchial stump 

2 

— 

Bronchopleural fistula 

— 

1 (with empyema, 

Pleural effusion 

2 (contralateral) 

died) 

1 (temporary) 

Wound infection 

— 

1 (osteomyelitis of 

Hemothorax 

1 

rib stumps) 

Streptomycin reaction 

1 

1 

Respiratory cripple. 

1 

— 


TABLE 13 


Results in relation to indications (.pneumonectomy and lobectomy) 



NUMBER 

NEGATIVE 

POSITIVE 

DEAD 


Sanatorium 

Home 

Sanatorium 

Home 


Thoracoplasty 







failure 

Stenosis of bron- 

41 

21 

12 

5 


3 

chus 

16 

9 

6 

— 

— 

1 

Bronchiectasis. . . 

8 

5 

1 

1 

— : 

1 

Lower lobe le- 







sions 

Pneumothorax 

4 

3 

1 




failure 

4 

3 

— 

1 

— 

— 

Destroyed lung.. . 

3 

1 

1 

1 

— 

— 

Mistaken ding- 







nosis 

3 

* 

3 

— 

— 


Tension cavity. . . 

1 



1 



~ 

Total 

80 (100 

per cent) 

42 (52.5 
percent) 

25(31.25 
per cent) 

S (10 per 
cent) 

— 

5 (6.25 
percent) 


patients have died since leaving the hospital, but in only one of these was death 
due to tuberculosis. Two deaths occurred in older individuals. One was prob- 
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ably due to riglit heart failure while the other, which was sudden, was presumably 
the result of a myocardial infarction. 

The duration of the state of noninfectiousness since operation is listed in 
table 15. As may be seen, 52 patients (65 per cent) are recorded in the “less than 
eighteen months” period. Fifteen (1S.75 per cent) have remained noninfectious 
over periods of eighteen months to three years. As onty 3 of the living patients 

TABLE 14 


Results of resection ( all patients ) 



NUMBER 

REACTIVATION 

OR SPREAD 

EXAMINATION OP STUTUM FOR 
TUBERCLE BACILLI 

DEAD 

Ipso- 

latcral 

Contra- 

lateral 

Positive 

Negative 

Pneumonectomy 







Right 

18 

— 

2 

2 

15 

1 

Left 

29 

— 

2 

3 

24 

2 

Lobectomy 







One lobe 

21 

2 

2 

2 

IS 

i 

Two lobes 

11 

i 



1 

9 

i 

Segmental 

1 

— 

! 

t 

1 


Total 

SO (100 



o 

r— t 

00 

07 (S3 .75 

5 (6.25 


| per cent) 



per cent) ( 

per cent) 

per cent) 


TABLE 15 

Duration of conversions since operation 



1 1 to 6 

1 MONTHS' 

t 

6 to 12 

MONTHS 

12 to IS 
MONTHS 

IS to 24 
MONTHS 

24 to 30 

MONTHS 

30 to 36! 36 

MONTHSj MONTH 

Tlioracoplast 3 r failure 


7 

c 

6 

1 

4 

1 

Bronchostenosis 

j 3 

5 

6 ! 

1 

1 

— 

— 

Bronchiectasis 

1 *> ' 

3 

— 

— 

— 

— 

1 

Lower lobe lesion 

i i ! 

1 

o 



| 

— 

— 

Pneumothorax failure 

; i I 

2 

— 

— 



— 

Destroyed lung 

i i i 

— 

1 1 



- I 

— 

— 

Mistaken diagnosis 

i i i 

2 

— 

— 

— | 

— 

— 

Tension cavity 

i - i 


1 ! 

— 

— t 

— 

— 


1 10 : 

20 

16 

- 

' 

2 

4 1 

o 


have shown “spread” or reactivation, it appears that not many complications 
should be expected in this group in the future. It is realized, however, that 
tuberculosis is an unpredictable disease and as time passes some of these appar- 
ently excellent results may eventually have to be classified as failures. 

Streptomycin therapy prior to operation has been used in 26 of the SO patients 
included in this group of pulmonary resections. The length of preoperative 
therapy has varied from four to one hundred and eighty days , but only 10 pa- 
tients have had streptomycin for more than thirty-one days before surgery. 
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In tlifctt' cases tho indication for treatment was tuberculous cndobronchitis. 
The control of their acute symptoms and the recognition of bronchostenosis led 
to the selection of pulmonary resect ion. In only 2 patients did the persistence 
oi tidHTotilnus bronchitis necessitate the prolongation of streptomycin for ninety 
to one hundred ntnl thirty-six days, Three patients treated early in 19*17 
mauved d.O dm. of streptomycin per day, one patient- 2.0 Gin. per day, and 
three 1.5 dm. per day. The remaining 19 patients received 1.0 Gm. per day. 

W sth few exceptions, the 10 patients who were treated for less than thirty -one 
days were likewise treated because of bronchial disease. The bronchoscopic 
examination revealed bronchitis in most of these individuals, though there were 
several with upper lobe disease in which bronchial involvement, presumably 
tulwrvulous, was felt to he present from the findings on physical and roentgeno- 
logic examinations. Three patients with tuberculous empyema were treated 
for short periods preoperotivcly. 

Streptomycin by tlie intramuscular route has been used posloperat ively in 37 
patients. The average length of treatment was for fourteen days with the usual 
dose of 1.0 Gm. }>or day. 

From limited experience with streptomycin, the writers believe that it is of 
great value in the control of acute tuberculous bronchitis. Before the use of 
antibiotics these cases either had to be denied surgery or be operated upon at a 
considerably increased risk. A fair number of t he group included under thoraco- 
plasty failure had acute tuberculous bronchitis at the time of thoracoplasty. The 
bronchial lesion subsequently healed so that- resection could be done. 

In addition to the parenteral use of streptomycin in the postoperative period, 
the majority of the patients have received streptomycin as well as penicillin 
locally. The use of these drugs in lobectomies, where there must be constant 
postoperative closed drainage, has been limited to instillation in the wound at 
surgery. In postoperative pneumonectomies streptomycin and penicillin have 
been introduced into the pleural cavity at the time of aspirations until the fluid 
was well controlled or the space obliterated by thoracoplasty. The average 
length of such therapy was approximately ten days. 

Experience with the postoperative group has been much too recent to attempt 
evaluation. Whether there will he any fewer late postoperative “spreads" or 
reactivation remains to he determined. In only one patient w r as it believed 
that a small contralateral "spread” occurred, although the lesion may have 
been atelectasis. This patient received streptomycin for twenty-six days and 
her course in the past nine months has been satisfactory. The gastric contents 
six weeks after surgery were negative for tubercle bacilli on culture. 

The ideal length of postoperative streptomycin therapy is undetermined. 
The short period of therapy used in this series was selected arbitrarily. How r - 
ever, such a period of therapy is well worth evaluation. If “spill” to the other 
portion of the lung or lungs occurs, as seems likely, streptomycin should have 
an extremely beneficial effect. With this short period of treatment the phe- 
nomenon of streptoms^cin-resistance is less frequently encountered so that later 
spreads or reactivation might be benefitted by further treatment. 
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DISCUSSION 

The choice of resection as a form of therapy came after several 3 r ears of experi- 
ence with other forms of collapse therapy. During the past ten years the writers 
have seen an increasing number of thoracoplasty failures and careful evaluation 
of these demonstrated that there were definite reasons for the failures. At 
times limited rib resection resulted in incomplete collapse after the first stage. 
Many of these were still ineffective after extensive revisions. Improperly 
selected cases were found to have been subjected to thoracoplasty^ before it was 
realized that the lesions were not suitable for this form of therapy". Large ten- 
sion cavities at the apex, thick-walled cavities close to the mediastinum, high 
grade stenosis of the bronchus (often lobar) and bronchiectasis accounted for 
the major group of failures. The dictum that thoracoplasty" should alvrays be 
given first trial continued to be followed. Most patients showed improvement 
but the goal, that is, the elimination of tubercle bacilli, was not reached. The 
number of failures that accumulated as time passed, coupled with the newly 
developed surgical technique of individual ligation of the hilar structures with 
its associated low mortality, stimulated the writers to tr 3 r to accomplish some- 
thing for this discouraged group of patients. The availability of penicillin and 
streptomycin permitted operation on those patients who would have been 
refused for lack of a means of controlling ulcerative bronchitis. It now seems 
evident that thoracoplasty as previously used served only as a stopgap in the 
treatment of these cases. 

The most frequent indication for resection in this series was thoracoplasty 
failure (41 cases). The next important indication was high grade bronchosteno- 
sis (16 cases). Various complications were also present in the form of hemopty- 
sis, recurrent attacks of pneumonitis, sepsis and atelectasis. It was in the second 
group that the removal of the involved pulmonary tissue produced striking earl 3 r 
results. The results in these two groups of cases have been most gratifying 
to date. 

The remaining 30 per cent of the series presented individual problems as 
shown in the various tables. Most of these had received various therapeutic 
procedures before being considered for resection. A few cases were chosen for 
resection as the primary procedure because experience indicated that any other 
method would most likely" fail. 

Thoracoplasty was performed 26 times following resection. It is believed that 
this is advisable in all cases except those with lower lobe resection. In the more 
recent cases thoracoplasty’’ was performed at the time of the resection if the 
patient’s condition permitted, or as soon thereafter as possible. Following 
lobectom 3 T , thoracoplasty ensures against over-expansion of the remaining lobe 
or lobes and should protect against ipsolateral reactivation. Thoracoplasty" is 
equally important following pneumonectomy as it prevents a shift of the medi- 
astinum with accompanying over-expansion of the contralateral lung and pro- 
motes early stabilization. Not infrequently' tuberculous tissue is cut through 
during the operation and a thoracoplasty" extensive enough to obliterate the 
dead space completely" appears necessary if tuberculous empyema is to be 
avoided. 



PULMONARY RESECTION IN TUBERCULOSIS 


27 


In several recent cases pneumonectomy has been performed in the presence 
of a tuberculous or mixed empyema and the infection controlled with frequent 
aspirations and the instillation of penicillin and streptomycin until a sufficiently 
adequate thoracoplasty could be done to obliterate the pleural space. 

Phrenicotomy was originally performed following upper lobe lobectomy with 
the thought that reduction in the size of the pleural space would permit the 
remaining lobe to fill the space more quickly. It is now believed that phreni- 
cotomy reduces the efficiency of the cough and promotes atelectasis. Thoraco- 
plasty is done instead unless the lower lobe has been removed. In this instance 
phrenic section is used routinely as a substitute for thoracoplasty. 

SUMMARY 

Experience with 80 consecutive cases of pulmonary resection for tuberculosis 
is reported. The majority of these patients were failures with the usual collapse 
procedures and were doomed to continued sanatorium care because of persistent 
infectiousness. 

Sixty-seven cases (83.75 per cent) of the entire group are noninfectious, 8 
(10 per cent) still discharge tubercle bacilli and 5 (6.25 per cent) are dead. There 
were 2 operative deaths, yielding an operative mortality of 2.5 per cent. 

A sufficient length of time has not passed to draw definite conclusions regard- 
ing the permanency of these results. If the cases follow the course reported by 
other authors, the satisfactory results will diminish with time. It must not be 
forgotten that tuberculosis is a systemic disease with many vagaries and that 
the removal of the symptom-producing focus is not the complete solution of the 
problem. Time has also shown that collapse therapy in the form of thoraco- 
plasty has been found wanting under certain circumstances. Late spread and 
reactivation following thoracoplasty or resection should not be cited to condemn 
either procedure. Further experience with the methods at hand and newer 
methods may supply the answer. 

Streptomycin when available was used before and after operation. It has 
proved most valuable in cases with acute ulcerative bronchitis. Many of the 
resections in the present series would have been ill advised and dangerous before 
streptomycin was available. The drug is given in doses of 1.0 Gm. daily. 
Frequent instillations into the pleural cavity following pneumonectomy have 
prevented the common complication of tuberculous empyema until the space 
was obliterated. It is believed that chemotherapy is partially responsible for 
the low number of reactivations and “spreads” and that it has helped to control 
them once they have occurred. Penicillin has been used extensively through- 
out the series. 


SUMARIO 

I/O Rcscccidn Pulmonar cn cl Tratamiento dc la Tuberculosis 

Comunicase lo observado en 80 casos consecutivos do reseccidn pulmonar por 
tuberculosis. La mayoria de los enfermos representaban fracasos do los habi- 
tuales procedimientos de colapso y estaban condenados a continua asisfencia 
sanatoria! debido a su infecciosidad persistente. 
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Sesenta y siete casos (83.75 por ciento) del grupo total ya no son infecciosos, 
8 (10 por ciento) todavla expulsan baeilos tuberculosos y 5 (6.25 por ciento) 
han muerto. Hubo 2 muertes quiriirgicas, dando una mortalidad operatoria 
de 2.5 por ciento. 

No ha trascurrido aun suficiente tiempo para poder saear conclusiones defini- 
tivas acerca de la permanencia de los resultados. Si los casos se conforman al 
patrdn presentado por otros autores, los resultados satisfaetorios irdn dismi- 
nuyendo con el tiempo. No hay que olvidar que la tuberculosis es una enfer- 
medad organica y bastante caprichosa y que la eliminacidn del foeo sintomatd- 
geno no representa la solucion completa del problema. El tiempo tambidn 1m 
revelado que la colapsoterapia en forma de toracoplastia ha resultado deficiente 
en ciertas circunstancias. No deben citarse la difusidn y reactivacidn tardias 
despuds de la toracoplastia o la reseccidn para condenar uno u otro procedi- 
miento. Nuevas tentativas con las tdcnicas disponibles y con otras mas nuevas 
tal vez faciliten la respuesta. 

La estreptomicina, cuando la habfa, fud utilizada antes y despuds de la inter- 
vencion, resultando m&s valiosa en los casos con bronquitis ulcerada aguda. En 
la serie actual, muchas de las resecciones hubieran sido indiscretas y peligrosas 
antes de contarse con la estreptomicina. La droga fud administrada a dosis de 
1 Gm. diario. Las frecuentes instilaciones en la cavidad pleural consecutiva- 
mente a la neumectomla han impedido las habituales complicaciones del empiema 
tuberculoso liasta la obliteracidn del espacio. La quimioterapia parece ser en 
parte la causa del pequeno numero de reactivaciones y “difusiones” y tambidn 
parece habcr ayudado a coliibirlas, una vez aparecidas. La penicilina fud 
empleada en gran escala en toda la serie. 
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DECORTICATION OF THE LUNG IN PATIENTS WITH PULMONARY 

TUBERCULOSIS 1 * 2 

PAUL V. O’ROURKE, E. J. O’BRIEN", and WM. L. TUTTLE 
INTRODUCTION" 

The results during World War II of decortication of the lung in the manage- 
ment of organizing hemothorax are well loiown and accepted. Some thoracic 
surgeons hoped that this technique could be applied successfully in certain tuber- 
culous patients until a persistent pleural space in whom conservative measures 
had failed. This hope was based on the belief that the thickened pleura seen 
in those cases of tuberculosis was in reality a fairly normal visceral pleura covered 
by an organized exudate or “peel” similar in many ways to that seen in organiz- 
ing hemothorax. Fear had been expressed that the “peel” could not be removed 
from the visceral pleura because of its firm adherence; that the complications 
occurring from its removal, if possible, would be very great; and that tuberculous 
wound infections and failure to obliterate the pleural space would occur fre- 
quently enough to exclude its common usage. 

This study was undertaken by the writers who are fully aware of these possi- 
bilities but anxious to learn if decortication is surgically feasible in tuberculosis. 
It consists of 43 cases of pulmonary and pleural tuberculosis decorticated between 
January 1946 and May 1948. There were 30 males and 13 females ; 38 were white 
and 5 were Negroes. 


INDICATIONS FOR DECORTICATION 

For the most part onty patients with complications of tuberculous pleurisy 
with effusion or pneumothorax were considered for this operation. It was used 
also as an adjunct to lobectomy when the need arose. The indications for 
decortication in the group having tuberculous pleurisy with effusion have been 
restricted to those patients in whom: (a) the fluid became organized or loculated 
and could no longer be removed by aspiration; or (b) the fluid had been aspirated 
and replaced by air resulting in an unexpandable lung. As shown in table 1, 
there were 9 cases in this group. In 2 of the 5 patients with loculated fluid which 
failed to respond to aspiration a positive diagnosis of pleural tuberculosis was 
not made preoperatively, but was made histologically from the “peel.” Of the 
2 patients with tuberculous empyema, one occurred in the youngest patient, 
four years old, who had been a contact of his mother before she was discovered to 
have tuberculosis (figure 1). In the patient with a mixed empyema the process 
began as a tuberculous pleural effusion, which was aspirated for two years with 
little benefit. After a routine aspiration, the patient developed fever and the 

1 From the Department of Surgerj*, Wayne University School of Medicine, and the 
Division of Thoracic Surgery, Herman Kiefer Hospital, Detroit, Michigan. 

* Presented before the Medical Section, as part of the Symposium on Surgery— Trends — 
Late Results , at the 44th Annual Meeting of the National Tuberculosis Association, New 
York, New York, June 16, 191S. 
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TABLE 1 

Indications for decortication 


I. Complications of Tuberculous Pleurisy 

a. Unexpatidablc lung 

b. Mixed empyema with uncxpandablc lung 

c. Tuberculous empyema with uncxpandablc lung. 

d. Loculatcd fluid with uncxpandablc lung 


Total 

II. Complications of Pneumothorax 

a. Uncxpandablc lung 

b. Mixed empyema with uncxpandablc lung 

c. Tuberculous empyema with uncxpandablc lung 

d. Pleural effusion with uncxpandablc lung 


III. Adjunct to lobectomy 


Total 


Total 


NUMBER OF PATIENTS 


1 

1 

2 

5 


9 


3 

3 

7 

14 



/ 


43 



Fig. la. (Left) Preoperative film dated March 6, 194S. Age 4 years. Tuberculous 
pleurisy with empyema. 

Fig. lb. (Right) Postoperative film dated May 10, 194S. Decortication done March 
15, 194S. 

fluid, which had always been clear, became purulent. Staphylococcus aureus 
was recovered upon culture of the fluid from the pleural cavity. The infection 
was immediately drained. One year after the drainage, because of the persistent 
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pleural space, a decortication was done successfully. Re-expansion of the lung 
at the end of the operation was good but postopera tivelv the expansion was not 
sustained. 

The second indication used by the writers have been the complications which 
accompany or follow therapeutic pneumothorax, such as troublesome fluid or 
empyema occurring during the program of pneumothorax, or failure of the lung 
to re-expand after pneumothorax had been abandoned. There were 27 patients 
in this group. Ten patients had tuberculous or mixed empyema which failed 
to respond to pleural lavage and the lung remained collapsed after aspiration of air 
or fluid. There were 14 patients with pleural effusion occurring during the re- 
expansion program or during the period of the therapeutic pneumothorax, in 
which the lung failed to re-expand after aspiration and discontinuance of air 
refills. This is the largest single group for which a decortication has been per- 
formed. The encased or unexpandable lung without fluid has been decort icated 
in three instances to obliterate the pleural space and to prevent shift of the 
mediastinum and over-distention of the contralateral lung. In the beginning 
this particular indication was used hesitantly because most of these patients 
were at home and apparently doing well. It seemed inadvisable to change an 
apparently satisfactory program until it was apparent that decortication could 
be done with relative safety. In 2 of the 3 cases in this group the indications 
for decortications were impelling. One, a woman who had been receiving 
pneumothorax refills for six years, had some bleeding into the pleural space with 
the formation of a large clot following a refill of air. The pleura above the clot, 
showed thickening on the roentgenogram and re-expansion of the lung seemed 
unlikely unless a decortication could be done. After the clot had been removed 
the lung would not re-expand even though positive pressure was applied through 
an intratracheal tube. A decortication was done easily and complete re-expan- 
sion was obtained (figure 2). The second patient was a doctor engaged in 
tuberculosis work who had been observing the results of the study and requested 
a decortication of his unexpanded lung. His wishes were finally granted and an 
excellent result was obtained. As the encased lung without fluid seems to repre- 
sent one of the better indications, it is planned to use it with increasing frequency 
in the future. 

The third indication is represented by a group of 7 patients upon whom a 
lobectomy was performed and a *‘pccl” removed from the remaining lobes to aid 
in their re-expansion and to hasten obliteration of the pleural space. Inciden- 
tally, in 3 pneumonectomies not included in this series a decortication was first, 
done to facilitate the indent ificat ion and handling of the hilar structures. 

The duration of t he pneumothorax, as listed in table 2. has varied from lour 
months to sixteen years and in five instances has been present for ten years. 
Ability to separate the “peer’ from the visceral pleura does not seem to lx* 
related to the duration of the pneumothorax per sc. but rather to the amount and 
extent of the peripheral pulmonary disease. 

Unless some emergency arose requiring surgical intervention, an adequate 
trial of re-expansion was attempted and only when further efforts seemed hazard- 
ous or futile was decortication employed. 



DECORTICATION 


33 


A complete decortication was not always possible or desirable, because of the 
underlying disease, nor always necessary because of the small size of the remaining 



Fig. 2a (Left) Preoperative film dated September IS, 1947. Duration of pneumothorax 
six years. Bleeding and formation of clot following refill. 

Fig. 2b (Bight) Postoperative film dated April 19, 194S. Decortication done September 
22, 1947. 


Less than one year 

Two years 

Three years 

Five years 

Six years 

Seven years 

Eight years 

Ten years 

Fourteen years . . . 
Sixteen years .... 


TABLE 2 


Duration of pneumothorax 



i 


NUMBER or TATIENTS 


4 

5 
I 

3 

o 


1 

5 

1 


Total. . . . 



pleural space. Twenty-eight lungs were completely decorticated and 15 
partially. Early in the study it was observed that a lobe containing considerable 
fibrosis as a result of previous disease did not rc-expand well even though it was 
completely decorticated. Since then, if the disease-free lobes after decortication 
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filled the liemithorax, no attempt has been made to remove the “peel” from the 
lobe which was the site of the major disease. Perhaps it is better to keep the 
diseased lobe permanently collapsed than risk the danger of reactivation from 
re-expansion. 

The majority of patients in this series were subjected to the operation without 
streptomycin as an adjunct because it was not available. More recently, how- 
ever, streptomycin has been used in 19 instances either because of complicat ions 
encountered at operation, such as subpleural tubercles, or to prepare the patient 
for the procedure. It is believed at present that practically all individuals 
should receive streptomycin as a routine procedure if for no other reason than 
prophylaxis. It should be emphasized, however, that the paramount considera- 
tion for success is dependent upon adequate removal of the “peel” without undue 
trauma to the underlying lung. That streptomycin may improve the result and 
hasten the convalescence seems indicated but it is no substitute for good surgery. 

TECHNIQUE OP OPERATION 

The actual technique of the operation did not differ from that used by thoracic 
surgeons during World War II in the treatment of organizing hemothorax. 
All operations were done with intratracheal anesthesia of nitrous oxide-oxygen 
and ether. Approximately 1,500 cc. of blood were given during the procedure. 
Cotton was used for ligatures and wound closure. In most instances one medium 
sized rubber tube drain was placed dependency just above the diaphragm in the 
posterior axillary line and a smaller tube was inserted high anteriorly to allow for 
the escape of air. Both tubes were connected to water-sealed bottles. 

The immediate postoperative course did not differ from that of the usual 
patient with tuberculosis undergoing surgery. Fever was not excessive or pro- 
longed except in the one patient who died three months after operation from 
disseminated tuberculosis. Two patients needed bronchoscopy to remove 
retained bronchial secretions. 

As soon as the amount of drainage stopped fluctuating, the tubes were re- 
moved. The tubes were withdrawn, on an average, by the fifth day in 31 eases. 

If fluoroscopy or roentgenograms showed the presence of loculated fluid 
or trapped air, they were removed by aspiration. Xine patients required 
frequent thoracentesis over a period of several weeks. During the time of 
re-expansion they were watched very closely and every effort was made to keep 
the pleural space dry and as free from trapped air as possible. Deep breathing 
exercises were started as soon as the tubes were removed and were continued 
indefinitely. 


COMPLICATIONS 

In 5 patients there were seven complications attributable to the operation, 
as shown in table 3. One patient with pleural tuberculosis and empyema did 
non re-expand at the completion of the operation despite the successful removal 
of a “peel”. In 3 additional patients a partially successful decortication was 
done and the immediate re-expansion of the lung seemed good when positive 
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pressure was used. Complete re-expansion was not sustained, however, during 
the postoperative period. Two of the latter have had a thoracoplasty per- 
formed which obliterated the pleural space and they are now at home. 

At the time of operation it was not infrequent that small bubbling air leaks 
were seen. In all but 3 instances these were not of any consequence and ap- 
parently sealed off within a few hours. Of the 3 patients in whom air leakage 
continued, 2 developed mixed empyema and were drained. In one patient the 
fistula closed soon after drainage. In the other, the fistula has remained open 
and the prognosis is unfavorable. The third instance of bronchial fistula was 


TABLE 3 

Immediate poslopcrativc complications 


OCCURRENCE* 

Expansion of lung not sustained 

3 

Nonexpansion of lung 

1 

Bronchial pleural fistula with mixed empyema 

2 

Bronchial pleural fistula (only) 

1 

Total 

7 


* The seven complications occurred in a total of 5 patients. 


TABLE 4 

Laic complications of disease 


Positive sputum (only) 

Bilateral reactivation 

Disseminated tuberculosis (death) 

Incisional sinus infection only (4 months) 


Total 


OCCURRENCE 


2 

1 

1 

1 

5 


NUMBER OF 
PATIENTS 


2 

1 

1 

1 

5 


uncomplicated by infection. In this case a posterior thoracotomy tube was 
converted to an open drainage tube and the space gradually obliterated and the 
fistula closed. 

In 5 patients there were late complications, as listed in table 4. Two developed 
sputum positive for tubercle bacilli. In another patient a single culture positive 
for tubercle bacilli was obtained within one month of operation. This patient 
later “converted” and she has remained noninfectious. The other patient ulti- 
mately "converted” and has been noninfectious for eleven months. In neither 
was there roentgenological evidence of reactivation nor was other therapy except 
bed-rest added to influence the bacteriologic status. One patient had bilateral 
reactivation of disease with reopening of cavity in the ipsilateral lung. This was 
the only instance in the entire series of a previously closed cavity reopening after 
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the procedure. This patient probably contributed to his onto breakdown be- 
cause of leaving the hospital against advice. He was later readmitted with 
evident spread of his disease. One patient had widespread dissemination of 
disease resulting in ultimate death. This patient was a colored male who origi- 
nally had bilateral disease and developed a tuberculous empyema as a complica- 
tion of pneumothorax. The decortication was not difficult and re-expansion was 
very good at the end of the operation. The expansion was not sustained, how- 
ever, and his course was one of steady progression of the disease. This resulted 
in death three months after operation. Streptomycin might have altered the 
course of his disease but it was not available when his operation was performed. 

RESULTS 

The results of decortication of the lung in patients with tuberculosis have been 
evaluated in this series by ability to obliterate the persistent pleural space. If 


TABLE 5 

Results of decortication * 



NtftfBRB Or rATXENTS 

Failure 

t 

Improved 

5 


14 

Excellent 

20 

Total 

43 

* In an additional 4 patients decortication could not be performed. 


this objective can be obtained, it justifies the procedure in most instances because 
it lessens the chance of the existing pleural space becoming infected. Also it 
prevents emphysema developing in the contralateral lung as a result of the 
mediastinum shifting to aid in obliterating the pleural space. This occurs when 
most pneumothoraces are discontinued and an effort is made to re-expand the 
lung. Although patients have voluntarily stated that their breathing was 
improved after the operation, this may not mean that there has been any restora- 
t ion of pulmonary function. Even though the pulmonary bed has been increased 
in size, the ability to exchange oxygen may not have been improved and the 
amount of unoxygenated blood may be increased. 

There were 4 patients in whom expansion of the lung was not sustained and 
they have been classified as failures of operation. 

If the pleural space was entirely obliterated and the lung appeared to be fully 
aerated, this has been classified as an excellent result. There were 20 patients 
in this category including the 7 lobectomies. 

If the space was obliterated but shadows were present indicative of incomplete 
re -expansion of the lung, the result has been classified as good. In this group 
(here were 14 patients. 
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If there was increased aeration of the lung and the pleural space was smaller, 
the result was listed as improved. In this group there were 5 patients. 

In 4 additional patients, not included in this series, a decortication was at- 
tempted but the “peel” could not be separated from the visceral pleura and it was 
necessary to do a thoracoplasty. 

It will be noted by referring to table 6 that of the 43 patients operated upon, 
31 are well and at home. Eleven patients are still in the hospital. Four of this 
group are ready for discharge and 4 have been recently operated upon and are 
progressing satisfactorily. One patient developed a tuberculous wound sinus 
but this is healing. Two are resident in the hospital because of poor progress; 
one with a bilateral reactivation of disease and the other with a bronchial pleural 
fistula and mixed empyema. The ultimate outcome of the latter patient is most 
uncertain. 


TABLE 6 
Present status 



NUMBER OF PATIENTS 

At home 

31 

In hospital 

11 


1 

Total 

43 


SUMMARY 

1. The lungs of 43 patients with tuberculosis have been decorticated success- 
fully, thereby demonstrating the presence of a “peel” similar to the organized 
exudate found encasing the lung in organizing hemothorax. In 4 additional 
patients decortication was not technically feasible. 

2. The indications for decortication have been restricted to the complications 
of tuberculous pleurisy in 9 patients and the complications of therapeutic pneumo- 
thorax in 27 patients. In addition, 7 patients were decorticated in conjunction 
with a lobectomy. 

3. The success or failure to remove a “peel” does not seem to be related to the 
duration of the pneumothorax but rather to the amount of the peripheral pulmo- 
nary disease. 

4. Twenty-eight lungs were completely decorticated and in fifteen a partial 
decortication was performed. 

5. Streptomycin was not available at the beginning of this study but since 
becoming more plentiful has been used routinely. 

6. The immediate postoperative complications were: nonexpansion of the 
lung, expansion not sustained, and bronchial pleural fistula with or without 
mixed empyema. 

7. The late complications of disease were: positive sputum only, 2 patients; 
bilateral reactivation of disease with reopening of cavity in the decorticated 
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lung, one patient; tuberculous incisional sinus infection, one patient; and dis- 
seminated tuberculosis with ultimate death, one patient. 

8. The results of decortication in the 43 patients have been classified as: failure, 
4; improved, 5; good, 14; and excellent, 20. The effect on pulmonary function 
is discussed. 

9. The present status of the patients is as follows:31 at home, 11 in hospital, 
and one dead. 


CONCLUSIONS 

Decortication is a valuable adjunct to the armamentarium for the treatment 
of pulmonary and pleural tuberculosis. The results obtained warrant its con- 
tinued usage, accompanied by further investigations of the respiratoiy function 
of the decorticated lung. 

SUJIARIO 

La Decortication del Pulmon cn los Tubcrculosos Pulmonarcs 

1. Los pulmones de43 tuberculosos fueron decorticados con bxito, demos- 
trando asi la presencia de una “cdpsula” semejante al exudado organizado que 
encierra el pulmbn en el hemotdrax organizado. En otros 4 enfermos la decorti- 
cacibn no resultb tbcnicamente factible. 

2. Las indicaciones de la decorticacibn fueron limitadas a las complicncioncs 
de la pleuresla tuberculosa en 9 enfermos y a las del ncumotbrax terapbutico 
cn 27. Ademds, 7 enfermos fueron decorticados en relacibn con una lobectomla. 

3. El bxito o fracaso en la separacibn de la “capsula” no parece guardnr rc- 
lacibn con la duracibn del neumotbrax, sino mbs bicn con la extension de la 
neumopatia perifbrica. 

4. En 3S pulmones la decorticacibn fub total y en 15 parcial. 

5. Al comienzo del estudio no habia estreptomicina a mano, pero desde quo 
ha sido mds obtenible, se ha empleado sistemdtieamentc. 

G. Las inmediatas complicaciones postoperatorins fueron: inexpansibn del pul- 
mbn, expansibn insostenida, y fistula pleurobronquial con o sin empiemn mixto. 

7. Las complicaciones tardlas do la enfermedad fueron: solamcnte esputo 
positivo, 2 enfermos; reactivacibn bilateral de la dolcncia con reapertura dc la 
cavcma en cl pulmbn decorticado, 1 enfermo; infcccibn tuberculosa de la fistula 
incisional, 1 enfermo; y granulia culminando en la muertc, 1 enfermo. 

S. El rcsultado dc la decorticacibn en los 43 enfermos fub clasificado asl: 
fracaso, 4; mejorla, 5; bueno, 14; y excelentc, 20. Tambibn se discute el cfecto 
sobre la funcibn pulmonar. 

9. El estado actual dc los enfermos es bste: 31 en sus ensas, 11 cn cl hospital, 
y uno ha muerto. 

CONCLUSIONES 

La decorticacibn constituyc una valiosa adicibn al arsenal dcdicado al tratn- 
miento dc la tuberculosis pulmonar v pleural. El rcsultado obtenido justifiea 
la continuacibn de su emplco, junto con nuevas invest igaciones de la funcibn 
respiratoria del pulmbn decorticado. 
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EMIL ROTHSTEIN 
INTRODUCTION 

Pulmonary tuberculosis involving the lower lobes is a phenomenon of recog- 
nized occurrence and is sufficiently common to warrant consideration as a diag- 
nostic problem in every lower lobe pulmonary lesion. 

Because of its location, lower lobe tuberculosis presents definite problems in 
diagnosis and treatment which are different in certain ways from those encoun- 
tered in upper lobe disease. In addition, there has recently arisen an immuno- 
logic problem in the pathogenesis of lower lobe disease, suggested by the work of 
Dr. William Dock (1). The present study was attempted in an effort to explore 
these problems. 


Definition 

In this study the following types of lesions have been observed: (a) all cases with 
the chief or only lesion immediately above the diaphragmatic shadow; ( b ) all cases 
with the chief or only lesion in the lower one-half of the lung fields when by appro- 
priate lateral or oblique views these were demonstrated to lie within the anatomi- 
cal boundaries of either lower lobe. Cases in which extension or spread to the 
lower lobe occurred from known pre-existing upper lobe disease have not been 
included. In each case the first roentgenogram, at least, showed the lower lobe 
involved and the upper lung fields essentially clear. In addition, bacteriologic 
proof of the tuberculous etiology has been obtained in each case. 

OBSERVATIONS 

Forty-eight cases of lower lobe tuberculosis have been studied from the patient 
population of the U. S. Veterans Administration Hospital, Wood, Wisconsin. 
This service is a tuberculosis, unit of 430 beds. The cases have been observed for 
an average period of three years. No effort was made to calculate the percentage 
of lower lobe disease as the cases were not chosen from consecutive admissions. 

Incidence: All but one of the patients were males. It is recognized (2, 3) that 
lower lobe tuberculosis is more common in females but there is no regular tuber- 
culosis service for female patients at Wood. The average age of the patients 
was 32 years while the age of a control group was 41 . This incidence of lower lobe 
disease in a younger age group has been found by various other investigators as 
well. Six infections were in Negroes. 

1 From the U. S, Veterans Administration Hospital, Tuberculosis Division, Wood, 
Wisconsin. 

2 Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed 
or conclusions drawn by the author. 
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Diagnosis and Cause of Illness 

Although lower lobe tuberculosis is fairly common, it still does not receive the 
attention it deserves from the standpoint of diagnosis. Of the total group, 24, 
or one-half, presented initial difficulties in diagnosis. This led to delayed recog- 
nition of from a few weeks or months to several years. In most delayed diagno- 
ses in tuberculosis patients the error lies in failing to obtain chest roentgenograms, 
but in lower lobe disease the delay may occur despite positive roentgenologic 
findings. The most common error in this regard was to consider an infiltrative 
lesion as nontuberculous despite suggestive evidence of cavitation in some in- 
stances. Frequently this resulted in the return of the patient to duty or his dis- 
charge from the hospital while the chest roentgenograms still revealed definite 
disease. Because of its location, the lesion was usually considered as an unre- 
solved or slowly resolving nontuberculous “virus” pneumonitis and was appar- 
ently thought to be of little ultimate significance. In several cases bronchoscopy 
and bronchography were performed because of a suspicion of bronchiectasis or 
new growth. In two cases neoplasm could not be excluded despite considerable 
study and resection was performed. Another reason for failure to diagnose lower 
lobe tuberculosis is the frequency of lesions, usually cavitary, which are in the 
apex of a lobe. On the usual postero-anterior film these lesions maybe projected 
into the hilar shadow. This is an area where annular shadows of vascular origin 
are common, and small cavities here arc relatively easily overlooked. In a few 
instances the lesion was partly or entirety hidden by the heart shadow. In one 
case a 4 cm. cavity was so completely obscured by the heart as to permit a pos- 
tero-anterior film to be interpreted as normal except for some cardinc shift to the 
left. In a number of cases in which the diagnosis was overlooked, the patient 
returned to medical observation only after considerable extension of the disease 
had occurred; in several instances this was severe enough to make recovery 
impossible. 

Extent and distribution of lesions: Of the entire group only 2 were minimal at 
the time of admission to Wood; 24, or 50 per cent, were moderately advanced and 
the remainder far advanced. This overwhelming incidence of advanced disease 
would not have been unusual in a prewar series of routine hospital admissions for 
tuberculosis. The situation has been considerably changed, however, as a result 
of the use of chest roentgenograms as a part of routine examinations in the 
sendee. Consequently, if even* tuberculous lesion were diagnosed on the first 
film, it would be anticipated that the percentage of minimal lesions would 'ho high. 
The reason this is not the case with lower lobe lesions may be explained by the 
fact that 5 cases which were minimal on the first roentgenographic examination 
were moderately or far advanced upon first diagnosis. Others of this series were 
diagnosed as “pneumonia” months before the presence of tuberculosis was recog- 
nized. In many such instances it is reasonable to assume that lower lobe physical 
signs, in the absence of a roentgenogram, led to an appreciable delay in arriving 
at the correct diagnosis. 

An analysis of the anatomical distributions and characteristics of these lesions 
revealed that 30, or GO per cent, were at the apex of the right or the left lower lobe 
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and most of these were so-called hilar cavities; the remainder were in the basal 
portion of the lower lobes. Twenty per cent of the lesions were predominantty 
infiltrative, GO per cent cavitary and IS per cent pneumonic. In one case the 
lesion could be classified as a tuberculoma. Lateral views of the “hilar” cavities 
were especially interesting and almost always showed the lesions to be posterior, 
overlying the vertebral bodies. Figures 1 and 2 show an unusually large lower 
lobe cavity and its posterior location. 



Fig. 1 . (Left) Illustrating large right lowerlobe cavity. Note fluid level. Sputum re- 
peatedly positive for tubercle bacilli. 

Fig. 2. (Right) Lateral film of same patient. Illustrated are the posterior position of 
the lesion, the fluid level and the surrounding atelectasis of the dorsal segment in the lower 
lobe. 

In addition to lateral views, oblique projections were especially valuable in 
demonstrating retrocardiac lesions. Here special use was made of a left anterior 
oblique film taken from 5 to 10 degrees from the postero-anterior axis. At this 
small angle the left cardiac border is superimposed on the left side of the spine 
while the retrocardiac lung field, including the entire left lower lobe, is thrown into 
clear vision. Thisview has certain advantages over the direct lateral or standard 
left oblique view because in these two positions a thin-walled cavity may be super- 
imposed upon the spine and fail to be visualized for lack of sufficient density. 
The accompanying diagrams (figures 3, 4, and 5) illustrate this phenomenon. 
With this method, as with all special projections, the preliminary use of fluoros- 
copy is of great value. The lesions were distributed approximately equally 
between the right and left lungs and two were bilateral at the time of discovery. 
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nifirnnt bronchial involvement: (/) bronehoscnpic evidence of stenosis or severe 
tracheobronchitis: {2) roentgenogrnphic evidence of atelectasis before collapse 
therapy or immediately after induction of pneumothorax; or (3) cavity behavior 
characteristic of a tension cavity. 

Hronchinl disease was believed to ho present in 37 patients (75 percent). Well 
over one-half of these had typical tension cavities, while 25 per cent, each showed 
atelectasis or bronehoscnpic timlinps. Many cases showed two or all three of 
these evidences of bronchial tuberculosis. The relatively small number of posi- 
tive bronchoscopies was due in part to the fact that many patients were not 
bronchoscoped. Moreover, the distal bronchi only may have been involved and 
these would often be inaccessible to the bronchoscope. In a series of 50 patients 
admitted consecutively with disease in the upper lobes, the incidence of bron- 
chial disease was considerably lower (7 cases) than in the lower lobe cases. 

Clinical course: During the period of study many ((»() per cent) of the lower 
lobe lesions showed evidences of extension. In most instances the extensions 
were to the upper lobes and were roentpenolopicallv similar in appearance and 
in behavior to ‘‘spreads*’ found in primarily upper lobe cases. In a fair propor- 
tion the "spread” had occurred at the time of the first diagnosis, although earlier 
films in each case were available showing that the disease was primarily lower lobe 
at its start. In some, the "spreads” occurred within a few weeks of diagnosis 
while in others many years elapsed during which time the lesion remained con- 
fined to the lower lobe. 

Protmosis: The average period of observation of the group was three years. 
It appears that the outlook for these lesions even to the point of arrest, is only fair. 
Long term (2 to 5 years) follow-ups are not available in any of these inactive cases. 
Nevertheless, of the total number, 5 are dead, 19 are arrested, and the remainder 
are active. Some of the last named group are on the road to arrest while others 
will undoubtedly fail to recover. In this study the diagnosis of “arrested” was 
made by the most rigid criteria, f.r., stable roent genographie findings compatible 
with a healed lesion for well over the minimum of six months, numerous negative 
examinations for tubercle bacilli, including sputum and gastric cultures, and four 
to six months of walking exercise. It is understood and emphasized, however, 
that “arrest” in a previously cavitary lesion is not synonymous with “cure.” 
Many upper lobe cavitary lesions “arrest” with subsequent relapse. Such 
instances are usually from a group who were treated with either no collapse 
measures or collapse therapy of only short duration. Since these lower lobe 
cases, by and large, became arrested by the aid of similar short term collapse 
measures, a very cautious attitude should be maintained as to the ultimate fate 
of these patients. 


Treatment 

No one form of treatment has proved eminently satisfactory and this study did 
not reveal the ideal treatment for lower lobe tuberculosis. These patients have 
had almost the entire spectrum of therapeutic measures that are applied by the 
phthisiologist. 
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Pneumothorax: Sixteen patients line! artificial pneumothorax on the side of the 
lower lobe lesion. The results were bad in every case. They will be detailed in 
another report (4) but were characterized by atelectases, pleural effusions, unex- 
pandablc lungs, and persistently open cavities. In not a single case could pneu- 
mothorax be carried as a ‘‘clean” satisfactory collapse for two to three years with 
satisfactory re-expansion of the lung and eventual arrest of the disease. 

Resection: Three patients were subjected to resection procedures. In 2 the 
diagnosis of neoplasm could not lie excluded. In one patient the disease became 
arrested after lobectomy and in the other a similar result was observed after 
pneumonectomy. In the latter patient, however, ext rapid inonarv lesions ap- 
peared which are gradually responding to streptomycin and orthopedic surgery. 
The third resection, a lobectomy, was done in a patient who had attained an un- 
satisfactory result despite various combinations of phrenic surgery, pneumoperi- 
toneum, pneumothorax, and streptomycin. A postoperative spread of disease 
to the other lung occurred and the ultimate prognosis does not seem favorable. 

Thoracoplasty: Thoracoplasty was not. used as a treatment for any lesion 
limited to a lower lobe. The operation was performed in -1 patients for the 
following indications: unexpandablc lung (postpneumothorax), extensive ipso- 
lateral upper lobe extension, contralateral upper lobe extension, and following 
pneumonectomy. In 3 of these patients the disease is arrested and in the 
fourth it is still active. 

Cavcrnostomy: In 2 patients open eavernostomieshave been performed through 
the posterior chest wall. In one case streptomycin plussurgery led to temporary 
cavity closure, and in the other eavernostomy was combined with one month of 
streptomycin followed by phrenic surgery and pneumoperitoneum. It is too 
soon to evaluate the treatment. 

Streptomycin: Six cases received bed-rest plus streptomycin, unaccompanied 
by surgery. Two were treated for extensive "spreads” and died during treat- 
ment. Three, with tension cavities and "spreads”, showed slight but insignifi- 
cant improvement. In one patient the disease became arrested. 

Phrenic rime crush: Phrenic surgery was performed alone in -1 cases. It was 
combined with pneumoperitoneum in 13 cases and with pneumothorax in .">. Of 
those with phrenic crush alone, the disease remained active in one and became 
arrested in 3. With the combination of phrenic crush and pneumoperitoneum 
the disease became arrested in 7 and is still active in (» patients. Phrenic surgery 
phis pneumothorax resulted in three arrested lesions white two remain active. 
In each ease where phrenic surgery with or without pneumoperitoneum wu- 
effective, cavity closure occurred early (three to six months) with reversal of in- 
fectiousncss and clearing of exudative lesions. Pneumoperitoneum in this group 
was continued for an average of two and one-fourth years. The optimum dura- 
tion of this treatment w not known and only observation of T hr- type of case for 
five or more years will reveal whether this period of pneumoperitoneum (two and 
a quarter years) is long enough to promote permanent healing. At the pre-cut 
time there must be considerable doubt about the jH-rmanence of healing of a large 
cavil v with surrounding dt-eas**, in the ah-»*nce of permanent roliup-e of t In* lung 
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Rest alone was used in 7 eases, with good results in 5. Rest plus streptomycin 
gave good results in one case with poor results in 3 others. Phrenic crush alone 
yielded good results in 3 and poor in none. The results observed with phrenic 
crush plus pneumoperitoneum were good in S instances and poor in 3. Pneumo- 
thorax gave poor results in 13 patients and questionable results in 3 others. 
Pulmonary resection yielded good results in 2 eases and was of doubtful value in 
a third, and cavernostomy was followed by one good and one fair result . It may 
be seen from these figures that there is no “ideal” treatment plan revealed by 
study of this series but the observations point to certain tentative conclusions: 
(1) pneumothorax is contraindicated in this type of lesion: (2) rest, probably sup- 
plemented at an early date by phrenic nerve crush and pneumoperitoneum, offers 
the best chance of reaching arrest with relatively conservative measures; and 
(3) cavernostomy (with or without phrenic crush and pneumoperitoneum) and 
resections, supplemented by streptomycin, should be held in reserve until the 
above measures are unsuccessful. 

J } ossiblc Relationship of Location of Lesion to Resistance to Tuberculosis 

One question toward which this study was directed bears on the pathogenesis 
of lower lobe tuberculosis, in view of Dock’s theory of upper lobe localization of 
this disease. In a carefully calculated mathematical demonstration, Dock has 
utilized newer knowledge of cardiovascular dynamics to prove that the circula- 
tion in the pulmonary apices is virtually nil in the erect position. The systolic 
pressure in the pulmonary artery is 20 to 25 mm. Ilg, the diastolic pressure is 5 
to 7 nun. and the average mean pulmonary arterial pressure as it leaves the heart 
is 15 to IS mm. Ilg. A column of blood 20 to 25 cm. in height exerts an equal 
(and opposite) pressure by its hydrostatic effect . The apex of the lung is 15 to 
30 cm. cephalad to the pulmonary artery and therefore the pulmonary arterial 
pressure in the apex of the lung, with the patient seated or standing, is rarely over 
10 mm. and in tall long-chested individuals it should be zero. The osmotic 
tension of the blood proteins is 25 mm. ligand that of the tissue proteins is 10. 
There exists, therefore, an osmotic force of 15 nun. Ilg which tends to keep 
fluids within the blood vessels and the systolic pressure must exceed this to pro- 
duce an effective intra-arterial pressure which will force finals (with oxygen, 
nutrients, antibodies, etcetera) into the tissues. Because of these facts Dock 
draws the following conclusions: (I) bit tie or no blood flows through the upper 
one-third of the lungs during two-thirds of the day. (2» No ti— tie fluid or 
lymph is formed there while the patient is in the erect position. (3t Little or no 
carbon dioxide or oxygen exchange ran take place nor can antibodies he fornxd 
nor can removal of bacteria or dilution of their products take place. Dock sug- 
gests that tubercle bacilli are inhaled into all parts of the lungs hut ho-t re-i-tam e 
is usually great enough to destroy them in tho-e section-- of the lung- having ade- 
quate hto-d supply. In the apices of tie- upper !<>be-. hoc. ever, for the re. eon- 
given above, the forces of host resistance are n-dueed in efficiency. 

Whv then doe- lower lobe tul» reulo-i' develop? Do--!; that, a- It!"-! 

people can destroy tubercle bacilli which find tlu-ir wav :•< the lower tfc- 
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development of active disease in these areas must be a manifestation of an in- 
herently lowered resistance. Such patients, he feels, should not be benefited by 
bed-rest, which, he believes, may exert its desirable effect in upper lobe tubercu- 
losis largely by virtue of the increased blood pressure produced in the involved 
area when the patient is recumbent. 

Each one of the present series of 48 patients was studied from the standpoint of 
whether an unusually low resistance to tuberculosis was evident. It must be 
remembered that in no case was the lesion located above the level of the main 
pulmonary arterial shadow on the erect postero-anterior roentgenogram. It is 
understood that no predictable course can be expected in the individual case of 
tuberculosis but it is believed that in a group of this size an approach can be made 
to the problem. The following criteria were set up for evidence of lowered re- 
sistance: (a) steady spreading disease with little fibrosis and healing; and (6) 
rapid clinical downhill course with febrile episodes and progressive caseation. 

Of the 48 cases analysis reveals that only 5 showed evidence of decreased 
resistance when these criteria were applied to each one individually. 

The subsequent course of the group is in agreement with this evaluation. Of 
48 patients (of whom 46 had moderately or far advanced disease at the time of 
admission to this hospital) followed for an average of three years, only five (10 
per cent) are dead and 40 per cent have arrested lesions. Most of the patients 
with arrested lesions reached this clinical status without major collapse measures. 
Bed-rest, phrenic crush and pneumoperitoneum accounted for all but 4 of the 
arrested lesions. 

The results observed in this group of patients do not appear to support the 
validity of the idea that patients with lower lobe disease have inherently lowered 
resistance to tuberculosis and hence develop the disease in this atypical location. 

In the other series of cases studied (2, 3) the same conclusion was reached, i.e., 
that the clinical course and prognosis in lower lobe disease parallels that of tuber- 
culosis in the more usual distribution. It seems probable that poor results with 
therapy, which give rise to the impression that disease in this location is refrac- 
tory to treatment, are due to mechanical factors rather than immunological ones. 
The high percentage of bronchial disease found in this series plus the related bad 
results with pneumothorax play a large part. In addition there exists the reluc- 
tance of the surgeon to perform thoracoplasty in cases where the upper one-half 
of the lung field is normal. There seems no evidence to substantiate Dock’s 
theory that this localization is in itself evidence of lowered resistance or immunity. 
This is not, of course, an effort to support or disprove Dock’s basic analysis of the 
vasodynamics of the lung and its relationship to upper lobe localization. 

SUMMARY 

1. Lower lobe tuberculosis is a fairly frequent problem in the diagnosis and 
treatment of pulmonary disease. 

2. It is often misdiagnosed when first seen clinically and radiologically. Some 
of the reasons for this are discussed. Repeated sputum studies for tubercle 
bacilli, including cultures and gastric lavage, as well as repeated roentgenograms 
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should be obtained in the presence of lower lobe inflammatory lesions which fail 
to clear rapidly and completelju Lateral and oblique roentgenograms may be of 
value in clarifying the diagnosis. The possibility of tuberculosis cannot be dis- 
missed as long as roentgenographic findings persist. 

3. Most patients with lower lobe tuberculosis have bronchoscopic or radiologic 
evidence of bronchial disease. This must be considered in the diagnostic and 
therapeutic management of these cases. 

4. Artificial pneumothorax almost always gives unsatisfactory results in this 
type of lesion. 

5. No ideal type of therapy is demonstrated by study of this scries. It seems 
probable that a short period of bed-rest followed by phrenic crush and pneumo- 
peritoneum will offer the best results. Even this, however, is frequently unsuc- 
cessful. In addition, little is known of the ultimate fate of the patients who 
become arrested under this regimen. 

6. The status of such measures as resection and cavernostomy plus strepto- 
mycin, either as primary treatment or in refractory cases, has as yet to be 
sufficiently explored. 

7. Patients with lower lobe tuberculosis apparently do not have decreased re- 
sistance to this disease. The prognosis is approximately the same as that of 
patients with disease of similar extent in the upper lung fields. Difficulties in 
treatment would appear to be mechanical rather than immunological. 


SUMAIUO 


Tuberculosis Pulmonar del Lobulo Inferior 


1. La tuberculosis del l<5bulo inferior del pulmdn constituyc un problems bas- 
tantc frccucnte cn cl diagnostico y tratamiento de las neumopatfas. 

2. A1 ser observada por primera vez clfnica v radioldgicamente, es a menudo 
dingnosticada errdneamente, y aqul se discutcn algunas de las causas do olio. 
En prcscncia de lesioncs infiamatorias del Idbulo inferior quo no desapareccn 
rfipida v completamcntc, hay que hacer repetidos estudios del osputo, incluso 
cultivos y lavado g.istrico, cn buses de bacilos tubereulosos, as! como radiograffas 
repetidas. En cl esclarccimiento del diagndstico las roentgenograffns latcrales v 
oblicuas pueden resultar utiles, En tanto que persistan los hallazgos radiogra- 
ficos no calx; descartar la posibilidad dc tuberculosis. 

3. En mayor parte de los enfermos con tulx'rculosis del lobulo inferior muestran 
sign os broncoscdpieos o rndioldgicos dc afeccidn bronquial, lo etial hay que enn- 
siderar cn la atencidn diagnostics v tornpdutica de cstos casos. 

•S. En csta forma de lesion el ncumotdra.v tcrapt-utico casi siernpre da resultsdns 


poeo satisfaetorios. 

5. E! cstudio de csta seric no ha re vela do ningunn terapAjtica ideal. I’arrce 
probable que un breve pertodo de <lrscanso on earns rormido tie la trituraridn del 
frdnico y <■! neumoperitoneo rs lo quo ofreee mns promom, y nun csto jrcem'ntc- 
rnentc no da results do. Ademas, pcxo re sabe del do-tino definitivo de fa; < a- 
fern; os que se estacionan con oste reciman. 

(I. Esta sun por c.xplorar a fondo c! estado de rmdidn*- tab's r-imo h re-v.-ips 
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y la cavemostomia, unidas a la estreptomicina, ya como tratamiento primario o 
en los casos refractarios. 

7. Los enfermos con tuberculosis del lobulo inferior aparentemente no mues- 
tran menor resistencia a la enfermedad. El prondstico es aproximadamente 
iddntico que en los que tienen enfermedad de proporciones semej antes en los 
campos superiores del pulmdn. Las dificultades terapduticas parecen ser meca- 
nicas mas bien que inmunologicas. 
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POOR RESULTS WITH ARTIFICIAL PNEUMOTHORAX IN LOWER 

LOBE TUBERCULOSIS 1 - 2 

EMIL ROTHSTEIN 

In a recent study of lower lobe tuberculosis (1), two related observations were 
made: The incidence of bronchial disease was unusually high and the results 
with artificial pneumothorax were very poor. In this paper these results are 
considered in detail. 

CLINICAL MATERIAL 

Seventeen patients were studied. One, however, had bilateral pneumothorax 
for bilateral lower lobe cavitation so an analysis of 18 pneumothoraces will be 
made. All of the patients were males. The average age was 28 years. Four 
were Negroes and the remainder were white. A positive bacteriologic diagnosis 
of tuberculosis was made in each case. Ten of the lesions were in the right lower 
lobe and eight in the left lower lobe. The average time between the first appear- 
ance of the lesion on the roentgenograms and the induction of the pneumothorax 
was eight months. 

Description of the lesions: The lesion was moderately advanced in each instance 
at the time of induction of the pneumothorax. In all but 2 cases definite cavita- 
tion was visible and in the 2 exceptions the lesion was pneumonic in character 
with cavitation presumed but not demonstrated radiological^. In the cases 
showing excavation, the cavity was in the apex of the lower lobe (appearing to be 
hilar on the postero-anterior projection) in 7 and lower in the lung field in 9. The 
upper lung fields were essentially normal in all cases or presented a recent minimal 
extension of the lower lobe tuberculosis which was of little immediate signifi- 
cance. 

Bronchial involvement: Direct or indirect evidences of bronchial involvement 
were present in all but one case. The following findings were considered to indi- 
cate tuberculous disease of the draining bronchus or bronchi: (I) bronchoscopic 
findings of stenosis or inflammation in the involved lobe; (2) partial atelectasis 
of the involved lobe either prior to or immediately after the induction of the 
pneumothorax; or (S) cavity changes consisting of fluid levels or fairly rapid 
changes in the size and the shape of cavities. Most of these last mentioned find- 
ings occurred in typical tension cavities which were round or oval with clear 
inner borders and relatively normal peri-cavitary lung fields. Twelve of the 
cavities presented fluid levels while sudden changes in size were recorded in 13. 
Atelectasis of a segment of the lower lobe was present in 5 cases before pneumo- 
thorax and in 5 immediately after its induction. Bronchoscopic changes were • 
noted in 6 of the 9 cases in which bronchoscopy was performed. Thus it can be 
seen that many patients presented two or three of these manifestations. 

1 From the U. S. Veterans Administration Hospital, Tuberculosis Division, Wood’ 
Wisconsin. 

! Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed 
or conclusions drawn by the author. 
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RESULTS 'WITH ARTIFICIAL PNEUMOTHORAX 

The goal to be achieved with artificial pneumothorax is arrest of the tubercu- 
lous process, leaving a lung which re-expands and has a fairly good residual respi- 
ratory function. Serious pleural complications must be absent. The writer 
believes, with most other phthisiotherapists, that pneumothorax should be a 
reversible procedure which conserves much of the function of the involved lung. 
It is thought that a fibrotliorax with a nonfunctioning lung, or an unexpandable 
lung with permanent pneumothorax or persistent effusion, must be considered a 
poor result even if the disease in the underlying lung is apparently inactive. It 
is on the basis of this evaluation that the following analysis was made. 

In none of the IS cases was a satisfactory result obtained (table 1). In 6 cases 
inoperable adhesions led to the discontinuation of the pneumothorax after an 
average period of six months. In 4 cases pneumothorax was stopped after four 

TABLE 1 

Reasons for poor results in pneumothorax cases of lower lobe tuberculosis 


Inoperable adhesions 6 

Massive recurrent effusions 5 

Persistent cavity without adhesions 4 

Voluntary discontinuation 1 

Unexpandable lung 1 

Progressive atelectasis 1 

Total 18 


to six weeks; 2 pneumothoraces were continued in other hospitals for twelve and 
twenty-one months, respectively. One patient has had lobectomy and 2 are 
scheduled for thoracoplasty but all 6 with inoperable adhesions still have active 
tuberculosis. 

In 5 cases persistent massive pleural effusions led to the cessation of pneumo- 
thorax after an average period of eleven months of collapse. Fluid appeared on 
an average of five months after the onset of collapse therapy. In 2 of these pa- 
tients acid-fast bacilli were present in the fluid but no purulent empyema de- 
veloped. One patient has had thoracoplasty for an unexpanded lung, a second 
is undergoing thoracoplasty for an ipsolateral upper lobe cavity which developed 
subsequently, a third still has active disease, and the other two have arrested 
lesions. Both of the latter have badly crippled shrunken lungs due to inadequate 
expansion and fibrothorax. Unfortunately, the last statement is supported only 
by clinical observations as bronchospirometric readings are not available in either 
case. 

In 4 cases open cavitation persisted despite the absence of evident adhesions. 
Pneumothorax was discontinued after an average period of fourteen months in 
this group. In general, the treatment was continued for such a long period be- 
cause of cavities which would be lost to view temporarily, only to reappear six or 
eight months later. One of these lesions became arrested following phrenic crush 
and pneumoperitoneum. In a second case cavity closure apparently occurred 
following open cavemostomy and streptomycin. A third patient had thoraco- 
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plasty for further ipsolateral extension while the fourth still has active disease. 
In one of these cases a tension cavity increased considerably in size while pneu- 
mothorax was being administered. 

Three miscellaneous causes of failure were as follows. In one case unexpand- 
able lung accompanied by persistent effusion necessitated thoracoplasty. This 
patient’s disease then became arrested. In a second case progressive atelectasis 
developed along with a pleural effusion which contained tubercle bacilli. The 
pneumothorax was discontinued and a phrenic crush was performed with subse- 
quent arrest of the disease. The third patient voluntarily discontinued the 
treatment three months after apparent cavity closure. The cavity reopened one 
year later and the disease spread to both lungs. 

The present status of the series is as follows: In 5 patients the disease is ar- 
rested, in 2 with pneumothorax alone. In both of these the result is considered 
unsatisfactory because of shrunken lung plus fibrothorax. The disease has be- 
come arrested in an additional 3 patients after thoracoplasty, phrenic crush, and 
phrenic crush plus pneumoperitoneum, respective!} 7 . The remaining 13 patients 
in the series all have persistent active tuberculosis. 

SUMMARY 

Eighteen lower lobe tuberculous lesions were treated with artificial pneumo- 
thorax. All were in males and the lesions were all moderately advanced. All 
but 2 were frankly cavitary. Onty 2 became arrested with artificial pneumotho- 
rax therapy alone and in these instances the patients were left with shrunken 
lungs and thickened pleura. Three of the remaining lesions became arrested with 
other methods of treatment and the 10 others are still active. 

It is believed that the poor results observed are in part due to the high inci- 
dence of bronchial disease as shown by bronchoscopy or by secondary pulmonary 
changes. 


SUMARIO 

M alos Resultados del Ncumotorax TerapSutico en la Tuberculosis del Lobulo Inferior 

Dieciocho lesiones tuberculosas del ldbulo inferior fueron tratadas con el neu- 
motdrax artificial. Todas eran en varones y todas eran moderadamente avan- 
zadas. Todas, menos dos, eran netamente cavitarias. S61o dos, o sea 11.1 por 
ciento, se estacionaron bajo la accidn exclusiva del neumotdrax terap&itico, y en 
esos casos los enfermos quedaron con pulmones contraldos y pleuras espesadas. 
Tres de las lesiones restantes se estacionaron con otras tdcnicas terap^uticas, y las 
otras se hallan todavfa activas. 

Parece que los malos resultados observados se deben en parte a la alta inci- 
dencia de afeccidn bronquial (95 por ciento) segun revelaran la broncoscopia o las 
alteraciones pulmonares secundarias. 

REFERENCE 

(1) Rothstein, Emil: Pulmonary tuberculosis involving the lower lobes, Am. Rev. 
Tuberc., 1949, 59 , 39 . 
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Figs. 1-4 

Fig. 1. (upper left) Casel. (A. D.H.). Admission film of November 19, 1942, showing 
disease in basal portion of right upper lobe with a 2 cm. cavit 3 T in second anterior interspace. 

Fig. 2. (upper right) Case 1. Chest film, January 1, 1943, one month after institution 
of pneumothorax. The cavity is seen replaced by an irregular nodular density. 

Fig. 3. (lower left) Casel. Film of August 14, 194G. The nodular density representing 
a presumably inspissated cavity has become considerably smaller since 1943. 

Fig. 4. (lower right) Casel. Film of July 21, 1947. The lung is now completely re-ex- 
panded and the nodular density in the right infraclavicular region shows beginning calcium 
deposition. 

portion of the right upper lobe with a 2 cm. cavity in the second anterior interspace. 
The sputum was positive for acid-fast bacilli. A right pneumothorax was instituted 
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Figs. 7-30 

Fig. 7. (upper left ) Case 3 (J. T. U.). Film of July 11, 1944, showing tlie large cavity in 
the right upper lobe with a basal fluid level. 

Fig. S. (upper right) Case 3. Film of December 0, 104 !. The cavity in the right upper 
lobe is smaller, and the fluid level (indicated by arrow) is higher. 

Fig. 9. (lower left) Case 3. Film of January 26, 1046. The cavity in the right upper 
lobe has been completely replaced by a uniform oval density which presumably represents 
an inspissated cavity. 

Fig. 10. (lower right) Case 3. Film of June 19, 1947. The inspissated cavity is smaller 
and more sharply delineated. 


Case 8 (J. T.U.) : The onset of this patient’s tuberculosis was in March 1943. Admission 
film of October 7, 1943, at Oteen showed a thick-walled cavity 5 by 3.5 cm. in the right 
infraclavicular region. The sputum was positive for acid-fast bacilli. A roentgenogram 
of July 11, 1944 (figure 7) showed extension of the disease to the left lower lung field. A 
fluid level was seen within the cavity in the right upper lobe and by December 0, 1944 
(figure 8) the cavity had become definitely smaller with a thicker wall and a higher fluid 
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chest roentgenograms showing a lesion typical of tuberculous cavitation, the history of 
recent blood spitting, daily temperature elevations, a chronic cough, and weight loss. On 
July 19, 1946, the tuberculin reaction was positive in the first strength using PPD. By 
December 12, 1946, the cavity was believed to have become completely “inspissated” 
(figure 21). Serial roentgenograms through August 1947 showed the lesion to have 
become progressively smaller (figure 22). 

Comment: It is believed that the original “negative” sputum in this case can 
be explained by complete closure of the draining bronchus prior to the patient’s 
hospitalization. This mechanism will be discussed later in the article. 

DISCUSSION 

The definition of an inspissated cavity should be thoroughly understood. It 
is one in which the draining bronchus has become firmly occluded, where the 
cavity is partially filled with secretions, and its contents have gradually thickened 
by the absorption of air and fluid. The finding of a horizontal fluid level within 
a cavity on a single chest roentgenogram is not adequate to warrant a diagnosis 
of permanent bronchial occlusion. On the contrarjq it may indicate merely a 
temporary bronchial occlusion by a plug of mucus or debris which can be readily 
expelled. This is the so-called check-valve cavity. Only through serial films 
can the latter be differentiated from a cavity with a completely blocked bronchus 
followed by gradual absorption of air and progressive inspissation and shrinkage. 

Likewise, an inspissated cavity should be differentiated from a caseous focus 
which has never ulcerated into a bronchus. The caseous parenchjunal focus with 
ultimate excavation in its center is the ordinary method of cavity formation in 
reinfection type tuberculosis. In order to assume that a round nodular density 
seen on roentgenography is an inspissated cavity, there must be prior roent- 
genographic evidence of an open cavity in the same location . 

In the past ten years a small number of articles have dealt with the mechanism 
of closure of tuberculous cavities. The actual anatomic evidence presented has 
been limited to some 39 cases (16, 17). Of these, inspissation was present in 22, 
being the most frequent form of healing observed in autopsy material. This 
seems like an extremely small number of cases when it is considered that literally 
hundreds of cavities have been observed in the course of collapse therapy in any 
large tuberculosis samtorium. The discrepancy may be explained in two ways: 
1. Those patients who collapse their cavities and “convert” their sputum are 
discharged and, in the main, are lost from sight and do not come to postmortem 
examination. 2. In those patients who die as a result of progressive pulmonary 
tuberculosis, what few healed cavities may be present are usually obscured by the 
mass of active disease. Nevertheless, several authors (Pagel (16), Auerbach 
and Green (12), Loesch (17)) have presented convincing anatomic evidence con- 
cerning the major mechanisms of cavity closure. Theseare: ( 1 ) closed type until 
inspissation or scar formation; (£) open type with nonspecific bronchiectatic epi- 
thelialization occurring in the cavitary wall and adjacent bronchus. 

Prior to the work of these pathologists, Coryllos had adduced both theoretical 
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Whether inspissation or scar formation results may well depend upon the 
amount of material in the cavity at the time of bronchial occlusion, in addition 
to other factors such as the thickness of the cavitary wall (12). If the caseous 
contents have been recently extruded, the resultant mass will be smaller and 
eventually will contract to form a scar. If the cavity is filled at the time of bron- 
chial closure, the resultant mass will become inspissated and remain as a round 
nodular density. 

The idea that retention of secretions in a tuberculous cavity is harmful to a 
patient was based chiefly on the assumption that coexisting pyogenic organisms 
would cause superimposed infection. Coryltos (S), in the course of cavemostomy 
operations, investigated the contents of several cavities and found no pyogenic 
organisms on smear and culture. Even Pinner (13), who has been a leading 
proponent of the theory that toxemia results from retention of secretions within 
a cavity, has recently admitted that some cavities may follow the benign course 
outlined by Coryllos. The present findings in 24 cases confirm the deductions of 
Coryllos’s physiological studies and the pathological investigations of Pagel (10), 
Auerbach (12) and Loescli (17). 

In 20 of 24 cases the last sputum positive for tubercle bacilli was from one to 
sixteen months prior to the demonstration of “inspissation” by roentgenography. 
This is in accord with Coryllos’s concept that bronchial closure precedes cavity 
closure. None of these patients demonstrated anj r clear-cut toxemic symptoms 
of retention. 

In the past it has been the general concensus of opinion that these lesions are 
unsafe and eventually will empty their contents through the draining bronchus 
and cause a bronchogenic spread. In none of the cases of the present series has 
this catastrophe occurred although 8 have been followed for from two and 
one-half to seven and one-half years and 16 have been followed from six months 
to two years. Serial roentgenograms show these caseous areas to be consistently 
decreasing in size since “inspissation.” There is good reason to believe that they 
will go on to calcification and permanent healing. Furthermore, in the past 
eighteen months at Oteen Hospital, where approximately 3,000 cases of pulmon- 
ary tuberculosis have been seen, not a single case has been observed in which a 
definite "inspissated” cavity has broken down. This would indicate that the 
latter phenomenon, although it may occur, is certainly very rare. 

It should be clear that the writers are not questioning the accepted indications 
for pulmonary resection in certain well-defined tuberculous lesions. This pro- 
cedure is generally considered to be justified in: ( 1 ) tuberculous bronchiectasis; 
(2) following thoracoplasty failure with a residual cavity; (S) basal tuberculosis 
which fails to respond to collapse measures ; ( 4 ) tuberculoma. Actually the diag- 
nosis of a tuberculoma is extremely difficult, and many round nodular lesions with 
an unknown diagnosis are proved to be tuberculous only following removal. Nor 
do the writers question the indication for exploratory thoracotomy and resection 
in cases of large nodular lesions of undetermined etiology (5, 11). All of the 
present cases involved “inspissated” tuberculous cavities which it is believed 
represent regressing lesions. 
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therapy. It is of importance to note that the pneumonias in his study were 
primarily nonsuppurative. Moreover, his concern was mainly with the effect of 
tuberculosis on the complicating pneumonia in contrast to the approach of the 
present study. 


CLINICAL MATERIAL 

The material comprising the present study consists of all cases of proven co- 
existing tuberculosis and pneumonia, necrotizing and otherwise, discharged from 
the chest sendee of Bellevue Hospital between July 1941 and June 1947. All 
cases of tuberculous pneumonia, pneumonia secondary to tuberculous, or neo- 
plastic endobronchial disease are excluded. 

Evidence of activation of the tuberculous lesion was considered to be definite 
when there was: (a) post mortem evidence of recent activation; (6) progressive 
tuberculosis after pneumonia, and the tuberculosis had previously been station- 
ary; (c) extension of previously active tuberculosis coincidentally with the pneu- 
monia. 


TABLE 1 

Incidence of activation 


PNEUMONIA 

NECEOTIZING PNEUMONIA 

Activation 

Number 

Percent 

Activation 




16 

13 

Definite 

21 

55 


9 

8 

Doubtful 

4 

11 


91 

78 

None 

11 

29 


1 


Undetermined 

2 

5 








117 

100 

Total ... 

38 

100 






Cases in which the pneumonia was accompanied or followed by the transient 
expectoration of tubercle bacilli or residual densities on the roentgenogram were 
classified as doubtful. The designation undetermined was used for those cases in 
which death occurred too quickly for proper evaluation or in which there was 
inadequate information regarding pre-existing tuberculosis. 

A total of 155 cases, 38 of which were necrotizing pneumonias, has been re- 
viewed. In table 1 the criteria of activation are applied separately to the pneu- 
monias and necrotizing pneumonias. The high percentage (55 per cent) of 
activation in the necrotizing group is of interest. 

The relationship between activation and the type of pre-existing tuberculous 
disease may be seen in table 2. The largest percentage of activation (11 per 
cent) is seen to occur in the “fibro-caseous” classification. 

As was pointed out in the previous report, the bacteriology and location of 
the inflammatory lesion are of greatest importance in determining subsequent 
activation of the tuberculosis. In tables 3 and 4 may be seen the relationship 
of activation to these factors. It may be seen that organisms causing destruc- 
tion of lung tissue are most likely to cause activation when the lesion produced 
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bv referring to table 5 in which the relationship between activation, etiology of 
the acute pneumonia and its location are tabulated. It may be seen that 3 of 
the remaining 4 eases of ■pneumococcus type HI pneumonia occurred in lobes 
other than those involved by tuberculosis. It is of interest to note that, the 
fourth ease of nonactivation occurred in a tuberculous lobe which was efTeeth ek 
collapsed by pneumothorax. In table 6 the relation of therapy to activation is 
tabulated. ‘ In this small number of cases chemotherapy appeared to have no 
effect on the percentage of activation. 


TABU? f> 

Relation between bactcrioloijic findings and location of the pneumonia to activation of tuber- 
culosis 


1 

1' 

ACTIVATION - j 

, I 

1 

Pneutn 

n j 

o cocci 

III 

Oibcr 

Pneu- 

mococci 

Streptococci or 
S taphylococci 
hemelytieus 

K. 

pneumoniae 

If txr.D 

AND UNDE- 
TERMINED 

, 

i 

s 1 

0 

s 1 

0 

s ! 

0 

s i 

0 

s 

0 

s 

0 

s 

0 

1,_ l 

Definite ! 

i! 

0 

3 j 

o| 

i 

1 

0 ; 

7 

2 

3 

i 1 

4 

0 

0 

7 

Doubtful > 

0 ! 

0 

o ! 

0 

0 

i 

3 

3 

1 

0 

0 

0 

3 

2 

No activation \ 

0 

5 

2 ! 

7 

1 

3 

5 

16 

0 

2 

0 

1 

9 

50 

Undetermined 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

2 

0 

Total 

G 

12 

G 

3G 

s 

5 

$2 


S = Same lobe. O = Other lobes. 


TABLE C 


Relation of therapy to activation 



PNEUMONIA 

NECROTIZING PNEUMONIA 

Definite j 

Doubt- 

ful 

No 

activa- 

tion 

Undeter- 

mined 

i Definite 

Doubt- 
ful j 

No ■ 
activa- 
tion 

Undeter- 

mined 

Sulfonamides 

5 

0 

4G 

0 

5 

2 

2 

i 

Penicillin 

9 i 

3 i 

12 

0 

7 

o i 

1 

i 

Combined therapy 

2 

1 

3 

0 

2 

0 

1 

0 

No specific therapy 

0 

0 

30 

1 

7 

2 

7 

0 

Total 

16 

9 

91 

1 

21 

4 

a 

2 


CASE REPORTS 

Case J: S. M., a 52-year-old white male, was admitted February IS, 1945 with one week’s 
history of left chest pain, cough and rusty sputum. The patient was acutely ill, with 
signs of left lower lobe pneumonia. The total leucocyte count was 15,000 per cm mm. 
The sputum contained type I pneumococci and was persistently negative for acid-fast 
bacilli. The patient was treated with sulfadiazine, with a dramatic clinical response but 
a slow resolution of pneumonia on the roentgenograms. There was no activation of an 
old left upper lobe infiltrate. 
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EFFECT OF NONTUBERCULOUS PULMONARY INFLAMMATION 16 

ration of the tuberculosis. He was readmitted in October 1945 with a one week history 
of chills, fever, cough, sputum, and sudden left chest pain. On admission he was acutely 
ill, dyspneic, and cyanotic. The total leucocyte count was 20,000 per cu. mm. A roentgen- 
ogram of the chest showed a left lower lobe pneumonia with a left spontaneous pneumo- 
thorax. Sputum culture showed streptococcus hemohjticus, streptococcus viridans, and E. 
coli. The patient was treated with penicillin with complete resolution of the pneumonia 
and re-expansion of the left lung. The sputum was persistently negative for acid-fast 
bacilli. He was discharged in December 1945, but readmitted in February 1946 with a 
history of progressive cough, sputum and weight loss since discharge. The sputum con- 
tained acid-fast bacilli. A chest roentgenogram showed extensive left upper lobe disease 
with cavitation and subsequent marked spread. This case represents an instance of 
definite activation of tuberculosis following an acute nontuberculous pneumonia. 

Case 7: D. R., a 6S-year-old white male, was perfectly well until four days before admis- 
sion in May 1941 when he began to have left chest pain and a productive cough. He 
was acutely ill with signs of left upper lobe lobar and scattered bronchopneumonia. The 
total leucocyte count was 22,000 per cu. mm. with S3 per cent polymorphonuclears. The 
sputum contained type III pneumococci and on 12 examinations was negative for acid- 
fast bacilli. The patient was treated with sulfadiazine and 175,000 units of serum with 
good clinical improvement, and he was discharged July 7, 1 941. He was readmitted on 
September 5, 1941 because of cough beginning one month after discharge. The roentgeno- 
gram revealed an infiltration of the left upper lobe and throughout the right lung. The 
sputum was persistently positive for acid-fast bacilli. This case is considered to represent, 
a definite activation following an acute nontuberculous pneumonia. 

Case S: D. G., a 41-year-old white male, was admitted on April 9, 1945 with a history of 
an alcoholic debauch on the previous New Year’s Eve, followed by the aspiration of 
vomitus. In February he began to cough, producing one-half cup of mucopurulent, occa- 
sionally foul, sputum and complained of weakness and a 20 pound weight loss. Exami- 
nation revealed a temperature of 100° F., foul gums, and rales over the right upper lobe. 
The first five sputum examinations were negative for acid-fast bacilli. Successively 
thereafter one was positive, nine were negative and two were positive. Subsequently the 
sputum examinations were intermittently “positive” from May until July. The total 
leucocyte count ranged between 7,000 and 14,000 cells per cu. nun. with SO to S7 per cent 
polymorphonuclears. Cultures of the sputum revealed the usual mouth flora. On bed- 
rest the patient gained weight and the lesion cleared rapidly. Bronchoscopy and bron- 
chography were negative. It was felt that this was a necrotizing pneumonia with activa- 
tion of a tuberculous focus. 


Case 9: M. C., a 43-year-old white male alcoholic, was admitted November 21, 1941 with 
a one week history of cough, sputum, and fever. He was found to have a right upper 
lobe pneumonia and K. pneumoniae, type B, was cultured from sputum and blood. He 
was treated with sulfapyridine. He showed a slow clinical response with gradual exca- 
vation of upper lobe followed by a residual abscess. The patient refused permission for 
pulmonary resection. 

He was followed for one and one-half yearn and no change was noted on the roentgen- 
ograms. Nevertheless, he had repeated acute respiratory episodes noth several positive 
cultures for A. Pneumoniae, type B. Examination of the sputum was always negative 
for acid-fast bacilli. s 

He was readmitted December 6, 1943, having been lost from observation during the 
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preceding six months. On this admission lie gave a history of cough, sputum and 3(> 
pound weight loss in the preceding two months. Roentgenographic examination revealed 
extensive bilateral infiltration and the sputum was positive for acid-fast bacilli. 

DISCUSSION 

From the data presented it is evident that the incidence of the diagnosis of co- 
existing pulmonary diseases on the Chest Service of Bellevue Hospital has mark- 
edly increased. It is believed that this is due to an increased awareness of the 
possibility of such coexistence rather than an increase of pneumonia or tuber- 
culosis, or of pneumonia occurring in the tuberculous. It is the impression of 
the writers that many cases of tuberculosis are overlooked when admitted to a 
general hospital with the diagnosis of pneumonia. One need only inquire into 
the past history of the average tuberculous individual to observe the great fre- 
quency of “pneumonia,” with classical symptoms and findings, rapid subsidence 
of these symptoms with appropriate therapy, early discharge from the hospital, 
and subsequent readmission for active tuberculous disease. Obviously these 
cases cannot be included in such a study as the present one. It seems certain, 
however, that their number is great and that the actual incidence of coexisting 
pulmonary diseases is larger than any available statistics show. It is believed 
that a true picture can be obtained by attention to the following principles: (/) 
roentgenographic examination of all cases of pneumonia just before discharge 
from the hospital; (5) careful sputum studies in all suspicious cases; (S) close 
observation of all cases showing slow resolution of an acute pneumonia; and (.{) 
particular attention to those cases where the course and bacteriological findings 
suggest the possibility of a necrotizing process. 

The present data reinforce the concept presented previously that a tuberculous 
lesion is most likely to be activated by a pneumonia if the latter is necrotizing 
and is located in the same lobe. Although the greatest incidence of activation is 
in active fibro-caseous disease, the nature of the original tuberculous lesion is of 
relatively minor importance, as activation can occur in calcified primary lesions. 

Despite the relatively small number in this series, the sulfonamide and penicil- 
lin treated cases show a rather high incidence of activation. Comparison with 
previous statistics shows that use of chemotherapy has not significantly changed 
the percentage of activation. One may speculate as to the probable reasons for 
this disappointing observation. Is it justified to assume that specific therapy of 
the pneumonia prolongs life and hence affords time for the progression of acti- 
vated tuberculous disease? Or is it possible that in nonterminal cases the early 
invasive nature of the supcrinfccting organism initiates progression of the pre- 
existing tuberculous lesion before chemotherapy has a chance to exert its bacte- 
riostatic or bactericidal effect? Theoretically it seems likely that intensive 
specific therapy, if instituted early, would prevent the development of necrosis 
and thereby prevent activation of the underlying tuberculous disease. The dis- 
appointing results might thus be due to late initiation of therapy, a situation 
which might be remedied by the admission of patients early in the course of 
their pneumonia. Whether or not coincident administration of streptomycin 
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would prevent activation of the tuberculous process remains to be determined in 
further observations. 


SUMMA11Y 

1. A study of the effect, of nontubereulous inflammation on pulmonary tuber- 
culosis has been brought up to date. The increased incidence of coexisting 
disease is probably due to increasing awareness of the possibility. 

2. The necrotizing component of a pneumonia is again shown to be of greatest, 
significance in the aclivation of tuberculous infection. Location of the supcrin- 
fection is again implicated. 

3. Satisfactory collapse therapy militates against activation even when pneu- 
monia is located in the collapsed lobe. 

•L Adequate bacteriological identification of the superinfccting organism is 
essential to the proper management of the tuberculous disease and has a direct 
bearing on prognosis. 

a. The present limited data indicate that antimicrobial therapy did not pre- 
vent activation of the tuberculous process. On theoretical grounds early in- 
tensive specific therapy might change these results. 


SUM AltIO 

Eft rto dt' la Xannouiliti X o Tuberculosa sobre la Tuberculosis Pulmonor 

1. Se ha puesto al dhi un estudio del efeeto de la inflamacidn no tuberculosa 
sobre la tuberculosis puhnonar. La mayor ineideneia de esta coexistoncia pre- 
cede probablemente de la mayor atcncidn prestada a su posibilidad. 

2. Dcmuestrase tie nuevo quo el factor necrotizante de nna neumonfa reviste 
importancia maxima en la aetivneidn de la infeccidn tulxTculosa. I.a localiza- 
cinn de la Mtporinforridn cs inculpada de nuevo. 

3. La colapsotempia satisfactoria milita contra la activaciiin aun cuando la 
neumonfa se localice en el hibulo aplastado, 

■t. La ailecuada identificacidn bacteriohigica del microbio superinfootnnto 
lesulta indispensable para la propia atencion de la enfermedad tuberculosa y 
guarda tvlaeidn directa con el prondstieo. 

'»• l* 0 ** actualcs v limitados dates indican ipie la lerapeutica nutitnirrobinna 
no itnpidio la aetivneidn del proeeso tuberculo^o. Tvdrienmente. uua intensa v 
temprana teraprutira opi-cHira podria alterar cste re.-ultado. 
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monia with extensive cavitation, miliary tuberculosis of the spleen and kidneys, and 
syphilitic aortitis. No congenital anomalies other than the supernumerary rib were 
found. 

When the right lung was removed, the supernumerary rib was seen originating 
from the third dorsal vertebra on its anterolateral surface, articulating inde- 
pendently of the normal rib arising from this vertebra. The rib coursed along 
the posterior thoracic wall downward and slightly laterally on the anterior sur- 
face of the normal ribs, external to the pleura. It terminated at the level of 
the eighth thoracic vertebra seven centimeters from the vertebral body. There 
were twelve pairs of thoracic ribs arising in normal manner. 

About one per cent of persons have some variation from the normal pattern 
of twelve pairs of thoracic ribs. Extra ribs, in either the cervical or the lumbar 
region, may be single or paired. Occasionally one side of the thorax may have 
fewer than twelve ribs because of maldevelopment of a vertebra (1) or because 
of fusion of adjacent vertebral or costal segments. Such variations can easily 
be explained and are usually accompanied by other congenital anomalies. 

The herein reported supernumerary rib cannot be similarly explained and was 
not found associated with other congenital anomalies. No description of a 
similar rib could be found in the literature. 

REFERENCE 
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thoracic ribs considered from tho clinical and etiological standpoints, J. Anat., 
1932 , G6, 334 . 



A TUBERCULOSIS CASE-FINDING PROGRAM IN ERIE COUNTY, 

NEW YORK 

VINCENT H. HANDY 1 and WILLIAM D. CRAGE* 

INTRODUCTION 

For many years Erie County, including the city of Buffalo, has had one of the 
highest tuberculosis death rates in New York State. During the period 1926- 
1928 the average annual number of tuberculosis deaths among residents was 
561, giving a mortality rate of 78.0 per 100,000 population. In 1944-1946 the 
average annual number of deaths among residents was 426; this figure gives a 
rate of 49.6 per 100,000 (1). 

The tuberculosis death rate for Erie County in 1946 was 46.S per 100,000 popu- 
lation. Although this rate is considerabty lower than those recorded twenty 
years ago, it is obvious that Erie County still has excessively high mortality 
when one considers that in 1946 the tuberculosis death rate for the entire up- 
state New, York area was 30.2 per 100,000 (1). With such a high death rate 
one might reasonabty expect a high incidence of the disease. This assumption 
led to an examination of the local facilities available for tuberculosis case-finding 
in 1946. 

The county has two health department clinics where individuals may obtain 
roentgenograms without charge. One is operated by the Buffalo City Health 
Department and one by the Erie County Health Sendee. In addition to these 
clinics, the city of Buffalo has several approved hospitals where chest clinics are 
held and where chest roentgenograms are obtainable. A chest clinic is also 
operated bj r the Buffalo and Erie County Tuberculosis Association. 

In spite of these facilities, however, the city had had no concentrated drive to 
get the population examined rocntgenographicallj’ and to find as many cases as 
possible, although the Tuberculosis Association had conducted several mass 
projects embracing some 10,000 roentgenograms over a period of three years. 

The nursing sendees of the official health agencies did the follow-up work in 
connection with these projects. It became obvious, however, that more positive 
measures would have to be taken in order to find the unknown cases. 

After study, the Board of Directors of the Buffalo and Erie County Tuber- 
culosis Association purchased a mobile roentgcnographic unit from Christmas 
Seal funds. On March 4, 1946, a mass tuberculosis case-finding program was 
undertaken for Buffalo and all of Erie County by the Tuberculosis Association. 
This program had the support of the Erie County Medical Society, the state and 
local health departments, and various other health agencies in the community. 

1 Assistant District Health Officer, New York State Health Department, Buffalo, New 
^Associate Secretary, Buffalo anti Erie County Tuberculosis Association, Inc. 
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According to table 3, 190 of the 80,512 persons examined were given pre- 
liminary diagnoses of definite tuberculosis on the miniature film, while 971 
others were suspected of having the disease. For each 1,000 persons examined, 

2.4 tentatively definite cases were found in addition to 12.1 suspected cases. 

* 

TABLE 1 


P crsons of each sex who were examined by miniature film, classified by age group: Eric Countyi 

3 f arch 4, 1946-March SI, 1947 


ACE GKOUP 

no rrr sexes 

MALE 

j mfALE 

Number 

Percent 

distribu- 

tion 

Number 

Percent 

distribu- 

tion 

Number 

Percent 

distribu- 

tion 

All ages 

SO, 512 

100.0 

3S,711 

100.0 

41, SOI 

100.0 

Under 15 years 

5,464 

6.S 

2,496 

6.4 

2,96S 

7.1 

15 to 2-1 years 

29,164 

36.2 

13,527 

34.9 

15,637 

37.4 

25 to 34 years 

16,176 

20.1 

7,390 

19.1 

8,786 

21.0 

35 to 44 years 

13,808 

17.2 

6,651 

17.2 

7,157 

17.1 

45 to 54 years 

9,252 

11.5 

4,852 

12.5 


10.5 

55 to G4 years 

4,673 

5.S 

2,630 

6.S 

2,043 

4.9 

65 years and over 

1,4S3 

1.8 

899 

2.3 

584 

1.4 

Age not reported 

492 

0.6 

266 

0.7 


0.5 


TABLE 2 

White and nonwhitc persons of each sex who xccrc examined by miniature film, classified by 
age group: Eric County, March 4, 1940 — March SI, 1947 


ACE CBOtJT 

WHITE 

nokwtiite 

Both 

5exes 

Male 

Female 

Both 

sexes 

Male 

Female 

All ages 

77,OOS 

37,191 

39,817 

3,504 

1,520 

1,9S4 

Under 15 years 

5,184 

2,356 

2,S28 


140 


15 to 24 years 


13,06S 

11,974 

1,122 

459 

663 

25 to 34 years 

15,2S4 


S,222 

892 

32S 

561 

35 to 44 years 


6,370 

G,S30 

602 

275 

327 

45 to 54 years 



4 , 19S 


200 


55 to 64 years 

4,539 

2,548 

1,991 

134 

S2 

52 

65 years and over 

1,432 

876 

556 

61 

23 

2S 

Age not reported 

471 

253 

218 

21 

13 

8 


The interesting feature of table 3 is the fact that the proportion of cases found 
increases directly with the age of those examined. This statement holds whether 
one considers the proportion of persons with tentative diagnoses of definite 
tuberculosis or the proportion with suspected tuberculosis. 

This table corroborates the findings of certain other studies. The success of a 
mass case-finding project hinges on ability to induce large numbers of older 
persons to be examined, though this fact is not widely recognized. The higher 
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the median age of the group examined, the larger will be the number of cases 
found. 

Among the white persons examined, 2.4 per 1,000 were tentatively diagnosed 
as having definite tuberculosis; this proportion is the same as that for the entire 
group. The corresponding proportion for the nonwhite group was 1.7 per 
1,000 on whom roentgenograms were obtained. 

Cases considered suspicious among the white group numbered 11.9 per 1,000 
examined, compared to 14.8 per 1,000 nonwhite persons. 

Roentgenograms were obtained of a larger proportion of the Buffalo residents 
than in the remainder of the county, but the proportion of definite and suspicious 
cases found was slightly higher in the county. 

TABLE 3 


Persons examined by miniature film and number and per cent with tentative diagnoses of 
definite or suspicious tuberculosis, classified by age group: Erie County, March 4, 1946- 

March SI, 1947 


ACE GROUP 

PERSONS 
EXAMINED 
ROENTGEN- 
OGRAPH! CALLY 

PERSONS WITH TENTATIVE 
DIAGNOSES OF 
DEFINITE TUBERCULOSIS 

PERSONS WITH SUSPICIOUS 
TUBERCULOSIS 

Number 

Rate per 
1,000 persons 
examined 

Number 

Rate per 
1,000 persons 
examined 

All ages 

SO, 512 

190 

2.4 

971 

. 12.1 

Under 15 years i 

i 

5,464 

1 

0.2 

S 


15 to 24 years 

29,164 

23 

O.S 

144 


25 to 34 years 

16,176 

30 

1.9 

180 


35 to 44 years 

13, SOS 

44 

3.2 

216 

15.6 

45 to 54 years 

9,252 

42 

4.5 

203 

22.0 

55 to 64 years 

4,673 

37 

7.9 

143 

30.6 

65 years and over 

1,483 

13 

S.8 

73 

49.2 

Age not reported 

492 

— 

— 

4 

8.1 


Although tentative diagnoses were made on the basis of miniature films, more 
definite diagnoses occurred after a follow-up examination and study. In the 
miniature films, tentative diagnoses of so-called definite tuberculosis were made 
in 190 cases, suspect tuberculosis in 971, and nontuberculous abnormalities in 
383 cases. A total of 1,576 persons needing examination and second roentgeno- 
grams were invited to return to the chest clinic of the Buffalo and Erie County 
Tuberculosis Association. In response to this request, 1,490 persons were ex- 
amined; 1,298 of these returned to the Association clinic for their first follow-up 
examinations and 14 by 17 films. This number includes 147 persons tentatively 
diagnosed as having definite tuberculosis, 811 with suspect tuberculosis, 308 
with nontuberculous abnormalities, and 32 whose miniature films were unsatis- 
factory. 

The names of those who failed to appear for this follow-up examination at the 
Tuberculosis Association’s clinic were turned over to the health departments for 
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subsequent follow-up. This group was referred either to the City Chest Clinic 
or to the Erie County Health Sendee, depending upon their places of residence. 
There were 192 of this group examined, including 29 who were tentatively diag- 
nosed as definite tuberculosis on the miniature film, 10S considered to be tuber- 
culosis suspects, and 55 with nontuberculous abnormalities. 

In table 4 are presented the findings on the follow-up of 1,490 persons on 
whom 14 by 17 films were taken at these three clinics. According to this table, 
a total of 335 clinically' significant cases of tuberculosis was found as a result of 
examining SO, 512 persons by roentgenogram. These figures indicate that 4.10 
clinicalfy significant cases were found per 1,000 examined. This finding is 


TABLE -1 


Cases diagnosed on 14 by 17 film, classified by tentative diagnosis on miniature film: Eric 

County, March 4, 1940-March SI, 1D47 


TENTATIVE DIAGNOSIS ON MINIATURE 71LM 

-r 

>* 

a 

O 

US 

2 a 

< ri 

X N 
U(N 
►t *“* 

< J* 

S" 

H 

CXI. VI CALL r SIGVTriCAVT 
CASES or rULMOXARY 
TUBERCULOSIS DIAGNOSED 
BY14BY17TILU 

o 

£ 

o 

M 

M 

a 

o 

H 

tfl 

D 

O 

5. 

Ss 

S 

3 

m t n 

>s 

gB 

rt 

W « 
fx n 

K 

O 

< 

M 

a 

32 

SB 

N J 
£ < 

5 * 

£ ** 

C o 

o 55 

A 

m 

H 

*< 

O 

US 

X 

•4 

J 

5 

fc 

hi 

14 

us 

s 

W 

u, 

o 

p 

< 

3 

-c 

K 

u 

a 

h 

J 

*£ 

X-3 

*j > 

*cr*cr 
o «s 

a 

ri 

> 

«3 rt 

u. 

All diagnoses 

1,490 

335 

255 

73 

*r 

1 

6S 

242 

3SS 

423 

34 

“Definitely tuberculosis” 

176 

118 

66 

45 

7 

5 

34 

10 

o 

7 

Suspicious tuberculosis 

919 

212 

186 

26 

— 

55 

190 

12S 

316 

IS 

Nontuberculous abnormalities. . 

363 

3 

o 

1 

— 

S 

17 

247 

79 

9 

Cardiac condition 

21 



— 

— 


— 

— 

19 

*> 

— 

Suspected silicosis 

16 

— 

— 

— 

— 

1 

_ 

13 

1 

1 

Other pathology 

326 

3 

o 

1 

— 

7 

17 

215 

76 

S 

Unsatisfactory Film 

32 

O 

i 

1 

— 

— 

1 

3 

26 

— 


comparable to that of other mass case-finding projects in which approximately 
4 active eases were found per 1,000 adults examined. 

A check of health department records revealed that 23, or approximately 7 
per cent, of these 335 clinically significant cases were previously known. As 
stated earlier in this nrticle, the number of cases found depends largely upon the 
ages of the persons examined. 

In addition to the clinically significant cases of tuberculosis, GS cases were 
considered to be suspicious tuberculosis, 212 wore found to be apparently cured, 
and 3SS individuals showed evidence of some nontuberculous abnormality. 
T'ne last named group included instances of marker! fibrosis, emphysema, pneu- 
monia, neoplasm, or cardiac cnlnrgment which would warrant further study. 

Of the 17G cases diagnosed ns “definite tuberculosis” on the miniature films 
two-thirds (IIS) were considered to be clinically significant when Use 1 1 by 17 
films were scrutinired. Moreover, 23 per cent of the 919 persons who- minia- 
ture films implied suspicious tuberculosis proved to have the di-care in a clini- 
cally significant stage when the larger films had born taken. 
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Three-fourths (255) of the 335 clinically significant cases found in this survey 
were diagnosed as in the minimal stage. This percentage compares favorably 
with the findings of other mass case-finding projects. 

A summary of the significant findings among the 80,512 persons examined is 
shown in table 5. It is interesting to note that the tuberculosis cases found are 
less numerous than are the cases with nontuberculous abnormalities. 

From the data in table 5 it is evident that 1.28 per cent of the 80,512 persons 
examined were found to have some stage of tuberculosis or some other pathologi- 


TABLE 5 

Number and rate of pathological cases found per 1,000 examined, classified by diagnosis on 
lit by 17 film: Eric County, March 4 , 1946-March 31, 1947 


DIAGNOSIS ON 14 BV 17 FILMS 

PATHOLOGICAL CASES POUND 

Number 

Per 1,000 persons 
examined 

All diagnoses 

1,033 

12.83 


Clinically significant tuberculosis 

335 

4.16 

Suspected tuberculosis 

68 

0.84 

Apparently cured tuberculosis 

242 

3.01 

Nontuberculous abnormalities 

3S8 

4.81 



TABLE 6 


Persons with specified diagnoses on miniature films who had failed to return for follow-up by 
April 1, 1947, classified by reason for failure to appear: Erie County, 

March 4 , 1946-March SI, 1947 


SEASON TOE FA I LUTE TO APPEAE POE FOLLOW-UP 

PERSONS WITH SPECIFIED DIAGNOSES ON MINIATURE 
PIL1I WHO FAILED TO RETURN POR FOLLOW-UP 

Total 

“Definite 

tuber- 

culosis” 

Suspicious 

tuberculosis 

Nontuber- 
culous ab- 
normalities 

All reasons 

S6 

14 

52 

20 

Refused to be re-examined 

47 

5 

29 

13 

Under care of private physician 

20 

7 

12 

1 

Could not be located . . . 

17 

i 

11 

5 

Returned to tuberculosis sanatorium 

2 

i 

— 

i 


cal condition. If the apparently cured group is disregarded, then one per cent 
of those examined roentgenographically needed further supervision. A report 
was sent in each instance to the patient’s private physician. 

In surveys of this size it is impossible to obtain 100 per cent follow-up. For 
example, 86 persons failed to appear who were supposed to report for follow-up 
after their miniature films had been read. The names of these persons were 
referred to the city health department and were checked by public health nurses. 

In table 6 may be seen the reasons for failure to return for follow-up examina- 
tions, together with the initial diagnoses on the miniature films. As 1,576 were 
requested to return and only 47 definitely refused to do so, it is evident that the 
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uncooperative group was but 3 per cent of those who needed follow-up. It is 
difficult to determine whether the group which could not be located were unco- 
operative or not. 


SUMMARY AND CONCLUSIONS 

Between March 4, 194G and March 31, 1947, a mass case-finding project was 
carried on in Erie County, New York by the Buffalo and Erie County Tuberculo- 
sis Association. During this period SO, 512 persons had chest roentgenograms 
(miniature films) and 1,576 were found to need further study. The first step 
in this follow-up procedure consisted of examination and another roentgenogram 
on a 14 by 17 film. 

The Tuberculosis Association carried on this intensive follow-up work leading 
to examination and the obtaining of 14 by 17 roentgenograms of those individuals 
requiring review. As a result, 335 persons, or 4. 16 per 1,000 examined, were 
found to have clinically significant tuberculosis. Three-fourths of these 335 
were minimal cases, an indication that their chances of recover;’ are excellent. 
Presumably the majority of these minimal cases would not have become known 
at this time unless the mass survey had been held. A check of health depart- 
ment records revealed that 23, or approximately 7 per cent, of the 335 clinically 
significant cases had been previously reported. 

In addition to the 335 cases of tuberculosis which were found, 3SS diagnoses of 
nontuberculous abnormalities were made as a result, of the survey. This finding 
must be considered as of equal importance to the discovery of 335 cases of tuber- 
culosis. 

One of the most significant results of this study is the finding that the propor- 
tion of cases discovered increases directly with the age of the persons examined. 

If one considers all types of pathological cases found among the SO, 512 persons 
examined, it becomes apparent that one per cent of the entire group presents 
some abnormality requiring medical attention. 

A mobile chest roentgenographic service should continue to be a valuable 
component of any over-all tuberculosis control program. The Erie County, 
New York, experience demonstrates clearly how such a mobile unit can be co- 
ordinated effectively with the official health agencies and other community 
organizations and facilities. 


SUMARIO 

Obra dc Dcscubrimicnto dc Catos dc Tuberculosis 

Del 4 de marzo de 1916 al 31 dc marzo de 1917 so llevo a cabo una obra coloc- 
tiva dc dcscubrimiento de casos cn cl Condado Erie, on cl Estado de Nuov.t York, 
por la Asociacidn Anti-Tubcrculosa de la ciudad de Buffalo v cl Condado Erie. 
Durante dicho periodo dc tiempo, obtuvifronse radiograffas toracicas (petlcula* 
on minimum) dc SO, 512 personas, cn 1,576 de las andes ob erv.'. la newidad 
de ostudio mas detenido. El primer tiempo cn cstc proccdimicnto de oborvnridn 
ulterior consist ii> cn un cxnmcn y otr.v radiograffa de 3.» por cm. 
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THE ISOLATION OF THREE DIFFERENT PROTEINS AND TWO 
POLYSACCHARIDES FROM TUBERCULIN BY ALCOHOL 
FRACTIONATION. THEIR CHEMICAL AND 
BIOLOGICAL PROPERTIES' 

FLORENCE B. SEIBERT 

INTRODUCTION' 

Previous studies (1) have shown that the protein moiety of tuberculin is a com- 
plex mixture of proteins. The conclusions reached in those studies were based 
upon researches on fractions isolated from heated tuberculin. Such fractions 
must have been mixtures of proteins denatured by heat and undenatured proteins 
that withstood the heat. It was decided, therefore, that a more logical approach 
to the study of the proteins could be made by fractionating raw unheated tuber- 
culin and later, if desired, denaturing the isolated fractions. 

The following outline represents a compilation of the methods which have 
proved to be most successful in fractionating the tuberculin component into 
electrophoretically distinguishable substances. No attempt is made to describe 
in detail each of the many complete fractionations that were made. Complete 
data arc available in files in this laboratory. Onh’ those steps arc given which 
were finally chosen as most desirable after numerous modifications, and it is 
recognized that the scheme of fractionation here outlined should be considered 
preliminary. It is presented at this time because it may lead to the development 
of a more specific tuberculin than has been available previously and because it 
might be helpful to other investigators in this field. 

It will be shown below that the following components of tuberculin were iso- 
lated: two distinct polysaccharides, designated I and II; and three distinguish- 
able proteins, designated A, B and C. These proteins have also been discussed 
previously (1). The A protein had the slowest migration when studied in elec- 
trophoresis, and the B and C proteins had a faster migration. While the mobili- 
ties of the B and C proteins were approximately the same, their solubility 
properties were different. Polysaccharide I was the small polysaccharide mole- 
cule studied extensively in the past (1, 2), and polysaccharide II was a large 
molecule not hitherto described and found in quantity only in culture filtrates of 
certain strains of tubercle bacilli. 


ovTUNi: or rn.\crioN.\Tiox ntoennum: 

Gro's'J. of bacilli: Tubercle bacilli of the following strains, human DT, H 37 and A .TP 
and bovine BCG were grown on Longs synthetic medium, usually for eight to twelve 
weeks. In the case of one fractionation (No. !X\) the bacilli were grown for only five 
weeks, and in another (No. 03) for thirteen weeks. 


* From The Henry Phipps Institute, University of 

* Aided by grants from the Committee on Medina! 
lads Association. 
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Harvesting of bacilli: The bacilli were filtered off, without previous heating of the 
culture, through large Seitz filters as quickly as possible. The filtrates were removed to a 
cold room held at 1 to 2°C and all subsequent procedures were carried out at this tempera- 
ture, using no preservative. 

Concentration of the filtrate and washing: The filtrates were concentrated by means of 
ultrafiltration through 9 per cent 3 gun cotton membranes, as described previously (3), 
to a tenth or a hundredth of the original volume, depending upon the viscosity of the 
solutions. Toward the end of the concentration water was added and the ultrafiltration 
continued in order to reduce the salt content of the solutions, as better fractionation 
occurred when the precipitations were made in the presence of a low salt concentration. 

Precipitation of C protein: The C protein was precipitated by adjusting the concen- 
trated ultrafiltrates to pH 3.S to 4.7 by slowly adding acetic acid with stirring. The 
precipitates, which were colored a moderate yellow, were centrifuged off and washed with 
acetate buffer pH 4.0, n = 0.02. Further purification can be effected by redissolving and 
reprecipitating. 

Fractionation of the supernatant: The supernatants, after removal of the C protein at 
about pH 4.0, showed in electrophoresis (see figure 4) the presence of two main protein 
components, designated as A and B proteins. In some cases there was present also a 
considerable amount of polysaccharide with very low mobility, as can be seen in the last 
two diagrams of figure 4. 

Separation of the A and B proteins was at first attempted by means of ammonium 
sulfate fractionation, as small amounts of relatively pure A protein had previously been 
obtained in this way (4, 5). But after repeated trials, using one-fourth, one-third or one- 
half saturated ammonium sulfate at either pH 4.0 or pH 7.0, it was concluded that this 
method of separation was not satisfactory. 

Therefore, electrophoretic separation was considered. This method is possible only 
when the resolution of the components is sufficiently sharp to yield distinct components, 
as in the case of the second supernatant shown in figure 4. The results of fractionation 
of this supernatant (lot No. 84) will be described later. In the great majority of cases, 
however, this method is not advisable. 

Finally, alcohol fractionation was attempted and proved to be superior to any methods 
so far used. The steps in the procedure found to be most successful are given below. 
Although the fractionations were made at a temperature of 1°C, a lower temperature 
(-5° to -10°C) would be desirable in order to reduce the possibilities of denaturing the 
proteins. 

Precipitation of polysaccharide II: The supernatant, after precipitation of the C protein 
at pH 4.0, was brought back to neutrality by slow addition of weak alkali while stirring. 
In cases where the solution was not clear it was filtered through the Seitz filter. It was 
then concentrated on fresh ultrafilters to a small volume. To this solution w r as added 
sufficient 95 per cent alcohol with stirring to give a 30 per cent alcohol concentration. 
A white gelatinous precipitate occurred which dissolved slowly in water, giving a white 
opalescent solution winch appeared blue in dim light. It was named polysaccharide H 
to distinguish it from the polysaccharide previously described (1, 2) and now called 
polysaccharide I. 

Precipitation of protein B : The supernatant from polysaccharide II, which had a pH 
of 7.0 and an alcohol concentration of 30 per cent, was readjusted to about pH 4.6 by 

s Nine per cent gun cotton, as now available, gives a porosity which was given pre- 
viously by 11 per cent. 
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addition of acetic acid with stirring and a precipitate, consisting chiefly of protein B, 
came out. 

Precipitation of protein .4: After removal of the B protein at about pH 4.6 with 30 
per cent alcohol, more alcohol was added to the supernatant to give a concentration of 70 
per cent. The resulting precipitate contained chiefly the A protein. 

Recovery of polysaccharide I from final residue: After the A protein was removed, the 
supernatant was dialyzed to remove alcohol and then concentrated by ultrafiltration. 
Any trace of protein was precipitated by trichloracetic acid and removed. The super- 
natant was again dialyzed to free it from trichloracetic acid and the remaining solution 
contained polysaccharide I. 


TABLE 1 


Yields of proteins and polysaccharides isolated from different preparations of tuberculin 


LOT NUM- 
BER or 
TVT.VA RA- 
TION 

STRAIN* 

Or TUBERCLE 
BACILLUS 

VOLUME 

or long’s 
MEDIUM IN* 
oculattd 

1 

1 

rOLYSAC- 
CHARIDF. I 

t 

j IX1LVSHC- 
j ciiAtuoru 

I . . 

rRorriN a 

! 

f 

rsoTtis n j 

notris c 



Liter i 1 

(7rt. 

j Gm. 1 


inun 

■ 

84 

DT 

M i 
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1 1 

1 



I 

SS 

DT 

20 j 

o.4 ; 

1 


1 

■ 

00 

DT 

20 i 

2.S , 

I 




92 

1137 

1 19 ! 

0.7? j 

4.7 | 




03 

1137 

1 *’- 5 ! 

I 

3.G j 


1 1.2 

o.s 

04 

DT 

i 10 

0.9 ; 

1 

i 


; o.g 

3.4 

05 

BCG 

•10 ! 

0.4 | 

0.2 


f 2.4 

I.l 

9GA 

A33 

24.5 ; 

i.o ! 

0.7 j 

1.7 

0.32 1 

G.3 

9GB 

A 33 

9.4 i 

0.2+ 1 

0.1 ! 


| 0-4 

1.5 

OS 

DT 

3G | 

0.5 

0.1 j 

0.0 j 

2.7 j 

•1.7 

00 

DT 

35 1 

j 

l 

< 

I 

0.025 j 

0.03 j 

0.2 


* All strains were human type tubercle bacilli except BCG. 


EXPERIMENTS 

Yields of Components Isolated 

Table 1 shows the amounts of the different proteins anti polysaccharides ac- 
tually isolated during each fractionation. No claim is made that the maximum 
yield of any of the products was obtained. During these experiments the proper 
conditions for isolation were being sought and the losses were necessarily great. 
This is especially true in (he case of polysaccharide I. The yields do, however, 
give a rough idea of the relative amounts of the different components pre-cat 
and they show that in most cases the C protein constituted a large portion of tie- 
total yield. 


Electrophoretic Analytes of the Isolated Frartioru: and Components 

All electrophoretic analvscs were earn*'*.! out in phe-phnte buffer pff 
t i =-1 0.1, at a potential gradient of 0 to 10 volts, per cm. 1 h" rang-*-) o', th - mo- 
bilities of the isolated components are shown in table 1’. V.' Ism purer i r: w* :/>m 

* All are n-mr+'d in unit* of 1<T’ cm. 1 vdf 
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Fig. 1. Electrophoretic diagrams of six samples of concentrated original tuberculins. 
Tin; diagrams on the right represent the descending patterns and those on the left the as- 
cending patterns. After about two hours electrophoresis the components are migrating 
in the directions indicated by the arrows, those with the fastest mobilities occupying the 
positions toward the heads of the arrows. The anomalous conductivity boundaries, A and 
e, which are the slowest boundaries seen on either side toward the end of the arrows, are 
larger on the ascending side (A) and relatively ineonspieuous on the descending side fit. 
Often the polysaccharides separate very poorly or not at all from these boundaries. 
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Supernatant from C protein, containing A and B proteins: After the C protein 
was removed at about pH 4.0, there remained in solution the polysaccharides and 
some soluble proteins, which when examined by electrophoresis appeared to con- 
sist of two proteins. One of them had nearly the same mobility as the C protein 
and was called B protein. The other one migrated more slowly and was called 


C FRACTION OF YOUNG CULTURE 
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Fig. 3. Electrophoretic diagrams of the C fraction isolated from a young culture, show- 
ing the extra D component as the faster component above the head of the arrows. 


TUBCRCUUN PROreiUS A 4 B 



9SB-BCG 


Fig. 4. Electrophoretic diagrams of six supernatant fractions after removal of the C 
protein. In each case the two proteins. B and A, arc seen as the two fastest components. 
In the last two diagrams an additional slow component appears as a sharp peak with slow- 
est mobility, next to the anomalous 5 and e boundaries, with no mobility. These are the 
polysaccharide II. 

A protein (figure 4). These same proteins were found six different times and in 
filtrates from three different strains of tubercle bacilli. 

Protein B. This protein was isolated in two different waj 7 s, as described above 
under the fractionation procedure. 

Separation by electrophoresis. When the resolution in electrophoresis of the 
A and B proteins was good, as in the case of the supernatant from lot No. S4 
(figure 4), the B protein was isolated by removing mechanically the faster mi- 
grating component in the ascending limb of the electrophoresis cell. It was sent 
to Mrs. Ellen Bevilacqua at the University of Wisconsin for sedimentation and 
diffusion determinations. The results were reported in her thesis (6) and showed 
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Protein .-1: This protein also has been isolated in two different ways, viz., by 
(1) electrophoresis, and (2) alcohol fractionation. 

Separation by electrophoresis. When the supernatant remaining after the 
removal of the C protein was subjected to electrophoresis, the fraction migrating 
with the slowest mobility remained behind on the descending side and could 
easily be withdrawn. This fraction contained the protein with the slowest mo- 
bility, which is called protein A, and also the slowly migrating polysaccharides. 
When studied by Mrs. Bevilacqua (0) in the ultracentrifuge it also proved to be 
heterogeneous and gave evidence of at least, two components, for one of which a 
sedimentation constant of S = l.S was calculated. 

TUBERCULIN PROTEIN A 
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Fig. G. Electrophoretic diagrams of three isolated A protein fractions. The conspicuous 
components represent the A proteins. The descending diagrams show also the presence of 
a considerable amount of slower components, the polysaccharides. 

Separation by alcohol fractionation. After removal of the B protein fraction 
(see above) the supernatant, had a pH of about 4.6 and an alcohol concentration 
of 30 per cent. The alcohol concentration was then increased to 70 per cent, as 
described under procedure, and a fraction containing most of the A protein pre- 
cipitated (figure 6). In this precipitate only a trace of the faster migrating pro- 
tein, B, was present, but there were considerable amounts of the very slowly 
migrating polysaccharides. Further purification of this fraction is, therefore, 
desirable but has so far not been possible because of lack of material. 

This fraction when dissolved in water gave clear colorless solutions. It is pos- 
sible that the A protein is the protein with molecular weight about 35,000 to 
42,000 (4, 5) and it may also be the one which was crystallized (7), but further 
data will be necessary to establish such identitj r . 

Polysaccharide II: This polysaccharide has not hitherto been described and 
appeared in considerable quantity only in the culture filtrates of certain strains 
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of tubercle bacilli, viz., the II 37, A 33 and BCG strains. Its chemical and biologi- 
cal properties will lie described in another publication. When present it. could 
be distinguished by the opalescence which it gave to the culture filtrates. It was 
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Fig. 7. Electrophoretic diagrams of six isolated polysaccharide II preparations taken 
after four hours of electrophoresis. No other component appeared. 


TUBERCULIN POLYSACCHARIDE I ' 



Fig. S. Electrophoretic diagrams of two isolated polysaccharide I preparations. The 
5 and e boundaries arc the slower inconspicuous boundaries in the first pattern and the more 
definite slower peaks in the second pattern. 


readily precipitated by 30 per cent alcohol at neutrality from the supernatant 
of the C protein, as described above. When studied in electrophoresis (figure 7) 
it appeared to be homogeneous, even after being subjected to the current for four 
hours. It has been isolated six times from the filtrates of five different strains of 
tubercle bacilli and its presence was apparent in the original concentrated culture 
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filtrates as the sharp peak with very low mobility, which can be seen in the elec- 
trophoretic diagrams of lot No. 92 II 37 and lot No. 9G A-A 33 in figure 1. 

Polysaccharide I: After all of the above proteins and polysaccharide II were 
removed from the culture filtrate, the residue contained a considerable amount 
of this polysaccharide (1). It could be isolated as described above under frac- 
tionation procedure. It was the highly soluble polysaccharide of low molecular 
weight (7,000 to 9,000) which had been studied extensively and whose properties 
have been reviewed previously (1, 2). The electrophoretic diagrams are shown 
in figure S. In most cases it would be possible to isolate considerably more of 
this component than is reported in table 1. 


fractionation or tuberculin 
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PROTEINS C AND D 


Fig. 9. Electrophoretic diagrams of a typical original concentrated tuberculin and below 
it the isolated fractions corresponding to those distinguishable in the original diagram. 
As all pictures were taken after approximately the same time of electrophoresis, their posi- 
tions indicate their relative rates of migration. The sizes of the components do not cor- 
respond with the relative concentrations present in the original tuberculin. 



Figure 9 shows au electrophoretic diagram of an original concentrated tubercu- 
lin and below it patterns of isolated components with mobilities corresponding 
to those distinguishable in the original composite diagram. 

Chemical Analyses 

Methods. The content of polysaccharide was determined by means of the carbazole 
reaction (S, 9), using the purest polysaccharide I or polysaccharide II as standard. 

Nucleic acid was determined by means of the Dische diphenylamine reaction (S, 10), 
using Hammarsten’s sodium thymus nucleate as standard. 

Both carbohydrate and nucleic acid contents were calculated in relation to a simul- 
taneous concentration of 1 mg. per ml. of protein in the same solutions. 

The spectral absorption in ultraviolet light was measured with a Beckman spectro- 
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photometer— U V, and the specific densities were calculated on the basis of a protein 
concentration of 1 mg. per ml. The protein contents were determined from the nitrogen 
contents. 


TABLE 3 

Polysaccharide and nucleic acid analyses and spectral densities of tuberculin proteins, .1, B 

andC. 


TVPKOl* PROTEIN LOT Nl’MlU.K 


POl.YSU*- 

C!t.\ftl»f: 


NUCLEIC 

ACID 


specific spectral 

URN'S! TV AT 


X 2800 A X 2500 A 


j TUnKRCUUK 

SKIS POTENCY 
RATIO | RELATIVE 
DX2S00/X2500. to ppd-s r.v 
HUMAN 
nr.isr.s 




j W£. Ptr ml. 

• ma.prrtnl. 





A + B 

00 


1 . IS 

j 0.39 

1 3.1 

I > 

A + B 

92 

' 1 

J 

; 2 .oi 

1 0.75 

1 2.7 

1 

A + B 

03 

I 


' 1.07 

0.51 

2.0 


A + B 

Of 



1.3G 

0.5G 

1 2.5 

) > 

A + 13 . 

05 

0.151 

0.002G 

1.01 

0.4S 

! 2.1 

1 > 

A 

9GA* 


0.0017 

2.07 

0.70 

! 2.G 

! < 

A 

0GB* 


0.0100 

1.29 

j 0.59 

2.2 

! >* 

A 

07 


0 

1.52 

1 0.4S 

3.2 

i >* 

A 

OS 

1.420 

0.010G 

1.34 

j 0.5S 

2.3 

= 

A + B 

99f 


0.0000 

0.71 

i 

| 0.41 

; 1S 

>* 

Average — 



1 1.36 

j 0.5G 

! 25 


B 

9GA* 


I 

0.SS 

0.47 

| 1.9 

<* 

B 

07 


Kfeia® 

1.42 

0.70 

! 2.0 

>* 

B 

OS 

1 

nn 

1.30 

0.70 

| 2.0 

>* 

Average. . . . 



i 

1.S5 

0.94 

2.0 


C 

90 



2.14 

1.54 

1.4 


c 

92 



1.34 

0.S7 

1.5 

< 

c 

93 



1.5S 

1.11 

1.4 


c 

94 



1.79 

1.41 

1.3 

< 

c 

95 

0.070 

O.OOG7 

1.69 

1.21 

1.4 

< 

c 

9GA* 


0.0545 

2. OS 

1.S0 

1.2 

< 

c 

0GB* 


0.0040 

1.37 

0.90 

1.5 

>* 

c 

OS 

0.034 

0.0035 

1.92 

1.50 

1.3 

< 

C + D 

99f 


0.0070 

0.99 

0.51 

1.0 

<* 

Average. . . . 


[ 

1 


1.64 

1.20 | 

1.4 



* Lots 96 A and B were made from thirteen week old cultures and the A protein was 
precipitated with trichloracetic acid instead of acetic acid. 

t These fractions were made from a five weeks old culture filtrate. See text. 

* These tests were made in tuberculous guinea pigs rather than in human beings. 


Results: The concentrations of nucleic acid and of carbohydrate are recorded 
in table 3. The few analyses available show a higher content of polysaccharide 
with the A and A + B proteins than with the C proteins, as would be expected. 
The content of nucleic acid was very low in all cases, but as there may be an ei i oi 
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when the diphenylamine reaction is used in the presence of much protein, further 
work must be done before a definite statement can be made concerning the exact 
content of nucleic acid in these fractions. 

The specific spectral maximum and minimum densities in the ultraviolet light, 
as well as the ratios of the maximum to the minimum densities, are recorded in 
table 3. The maximum absorption was at a wave length of 2,800 A, except in 
a few cases of the C protein, where it was at a wave length of 2,700 A, and minima 
were in all cases at a wave length of 2,500 A. It is apparent from table 3 that, 
whereas the maximum specific densities at a wave length of 2,800 A were nearly 
the same for all A or C proteins, there was considerable difference between the A 
and C proteins in the amount of specific density at their minima, i.c., at a wave 



Fig. 10. Spectral absorption curves of the A and C proteins, measured with a Beckman 
spectrophotometer in the ultraviolet region. The concentrations chosen were such as to 
give practically equivalent densities at a wave length of 2S00 A, in order to show the relative 
difference in densities at 2500 A. 

length of 2,500 A. This is illustrated by one set of curves given in figure 10. 
This difference caused a large difference in the ratios of density at 2,800 A/ 
2,500 A for the A and C proteins, and means that there is something in the C pro- 
teins which has about twice as great an absorption capacity at a wave length of 
2,500 A as in the A proteins. The presence in the C proteins of a substance such 
as nucleic acid, with its maximum absorption at a wave length of 2,600 A could be 
responsible for this effect, as well as for causing the maximum to shift from a 
wave length of 2,800 A to 2,700 A. Such a nucleoprotein would also have a 
higher electrophoretic mobility, similar to that found for the C proteins. 

Tuberculin Potency of the Proteins and Polysaccharides 

The tuberculin potencies of the isolated proteins, given in equivalent dosages 
m 0.1 ml. based on the nitrogen contents, were compared in tuberculous guinea 
pigs and in tuberculin-positive human beings. The size of skin reaction elicited 
by the proteins was compared with that caused by an equal dosage, based on the 
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nitrogen content., of the PPD-S, which is the tuberculin adopted as standard in 
the United States (3). In some cases only one product was compared on the 
same guinea pig with the standard, and in other cases three or more proteins were 
simultaneously injected with the standard. The results are given in table 4. All 
reactions were read twenty-four hours following the tests and these reactions were 
recorded in the top lines in the table. Readings were also made at forty-eight 
hours and those reactions recorded in the lower lines. 

The results of the multiple test procedure showed that the A proteins always 
caused larger reactions than did the C proteins, while usually the B proteins gave 
reactions of intermediate size. When the A and C proteins alone were compared 
with each other, the A was again the more potent. 

When tested in sensitive human beings in a dosage of 0.00002 mg., the A + B 
proteins were more potent than the PPD-S, and the C proteins less potent. 
However, when tested in less sensitive individuals in a dosage of 0.005 mg., the 
A -f- B proteins were more potent than the PPD-S and the reactions to the C 
proteins were as great or greater than with the PPD-S, in spite of the fact that 
some reactions were even missed with it. These reactions have been reported in 
another paper (11). Tliis was interpreted to mean that the C protein was less 
specific and the A protein more specific than the whole mixture of proteins exist- 
ing in PPD-S. 

Neither of the polysaccharides gave skin reactions in tuberculous animals or 
human beings. This was the conclusion reached by Watson (2, 12) with regard 
to polysaccharide I. In the present study it was found that polysaccharide II 
also elicited no reaction in tuberculous guinea pigs nor (even with 0.05 mg. dose) 
in sensitive human beings who gave definite tuberculin reactions with 0.00002 
mg. PPD-S. 


DISCUSSION 

The indication that the A protein might give more specific tuberculin reactions 
than the other proteins in tuberculin is sufficient reason for further endeavor to 
obtain this protein in highly purified form. It has been shown in these studies 
t hat the A type of protein is the most potent in causing the tuberculin skin reac- 
tion and this confirmed the earlier finding (4) that that protein fraction in crude 
tuberculin which migrated with the slowest mobility was the most potent one in 
both the skin test and the lethal test in tuberculous guinea pigs. 

In view of the statement by Lind (13) that a more potent PPD could be made 
from young than from old cultures, it was hoped that it might be possible to iso- 
late relatively more of the A type of protein from such cultures. This was not 
found to be the case, however, as shown in the yield of A protein isolated from 
the filtrate of lot No. 99 (see table 1), nor were any of the isolated fractions rela- 
tively more potent than similar protein fractions obtained from older cultures. 
As a matter of fact, all components were isolated from this five-week-old culture 
filtrate in relatively the same proportion as from older cultures of the same strain 
(DT), but in insignificant amounts. The only difference found was the notable 
presence of the component (D) which migrated with a high velocity, suggestive 



TABLE 4 


Comparison of skin reactions in guinea pigs with different tuberculin proteins 


CONDITION or ; 
GUINEA PIGS 

NUM- 
BER OF 
GUINEA 
PIGS 
TESTED 

DOSAGE 

AVERAGE DIMENSIONS OF REACTIONS IN MILLIMETERS WITH 

PPD-S 

A (Lot 98) 

B (Lot 98) 

B (Purified) 
(Lot 98) 

C (Lot 93) 



ms. 






Normal 

2 

0.005 

0 

0 

0 

0 

0 




0 

0 

0 

0 

0 

BCG 

3 

0.005 

IS x 22 1 2.3 

27x38x3.3 

25 x 30 x 2.6 

20x 29 x3.0 

20x20x2.6 




19x22x3.0 

21x31x3.0 

22x22x3.0 

21x25x3.0 

20x21x3.0 

Normal 

2 

0.0005 

0 

0 

0 

0 

0 




0 

0 

0 

0 

0 

Tuberculosis 

3 

0.0005 

18x21x2.7 

26x32x3.0 







16 x 10x2.7 

23 x 24 x 3.7 




Tuberculosis 

4 

0.0005 

25x31x3.0 



29 x35x3.7 





21x19x2.7 



23 x 25x 3.3 


Tuberculosis 

3 

0.0005 

18x23x2.7 




22x 23x3.0 




lSx IS x 2.7 




20 x 22 x 3.3 

Tuberculosis 

2 

0.0005 

14 x 17 x 2.0 

20 x 22 x 3.0 


18x20x 2.6 

11x13x1.3 




17x19x2.6 

23 x 24 x 3.7 


18x19x3.0 

13x13x2.0 

Tuberculosis 

3 

0.0005 


21x22x3.0 



15 x 15x2.3 





22 x 23 x 3.7 



15x17x2.3 




PPD-S 

A (Lot 99) 

B (Lot 99) 


C (Lot 99) 

Normal 

2 

0.0005 

0 

0 

0 


0 




0 

0 

0 


0 

Tuberculosis 

3 

0.0005 

14 x IS x 2.3 

21 x 24 x 3 







14x16x2.0 

19 x 24 x 3 




Tuberculosis 

3 

0.0005 

18x20x3.0 


17 x 21 x 3.0 






19x19x3.0 


15 x 1$ x 3.0 



Tuberculosis 

3 

0.0005 

21x24x3.0 




22x 25x3.0 




17 x 17x3.0 




15x 18x2.7 

Tuberculosis 

2 

0.0005 

21 x 23x3.0 

22 x 25 x 3.0 

20 x 21 x 3.0 


18 x 19x2.5 




20 x IS x 3.0 

21x22x3.0 

19x19x3.0 


17 x IS x 2.0 




PPD-S 

A (Lot 97) 

B (Lot 97) 



Normals 

n 

0.00025 

0 

0 

0 






0 

0 

0 



Tuberculosis 

4 

0.00025 

17x17x2.5 

19x20x3.3 

22 x 23 x 3.3 






10x17x2.5 

18x20x2.8 

20 x 22 x 3.3 






PPD-S 

A (Lot 96A) 

B (Lot 96 A) 


C (Lot 95 A; 

Normals 

o 

0.00025 

0 

0 

0 


0 




0 

0 

0 


0 

Tuberculosis 

4 

0.00025 

19x20x3.0 

21x23x3.2 

lSx 19x3.0 


17 x lSx 2.7 




17 x 17x3.0 

19x21x3.0 

15x 16x 2.5 


15 x 17x2.5 




PPD-S 

A (Lot 96B) 



C (Lot 0611) 

Normals 

«> 

0.00025 

0 

1 0 



0 




0 

1 0 



0 

Tuberculosis 

4 

0.00025 

16x18x2.3 

1 20 x 22 x 3.3 


i 

19x21 x 2.5 




14 x 15x2.3 

i 19x21x3.0 


) 

14x16x2.3 


99 
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mente una nucleoprotelna, se encontrd en cantidad significativa en. un cultivo 
de cinco semanas, pero no en los cultivos mas viejos de la misma cepa ni en ofcras 
cepas de bacilos tuberculosos. 
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A COMPARISON OF THE IMMUN 0 GENICIT Y FOR GUINEA PIGS 
OF BCG CULTURED INTERMITTENTLY AND CONTINUOUSLY 
IN THE PRESENCE OF BILE 1 

IRWIN S. NEMAN AND NELDA HOLMGREN 
INTRODUCTION 

In their well-known textbook, Toplej r and Wilson (1), after reviewing the 
teclmique of BCG cultivation, point out that the virulence of BCG is continually 
falling and that the possibility exists that under such circumstances its protective 
value might disappear in time. It is important to recall in this connection the 
method of cultivation of BCG prescribed by Calmette (2). Briefly, it was 
recommended that BCG be cultured on a glycerinated potato slab in Roux 
tubes, the bottom portion of which contained 5 per cent glycerin at pH 7.0 to 7.2. 
At regular intervals the culture was returned to a similar tube containing a potato 
slab treated noth ox-bile glycerin mixture and, in the bottom portion, 5 per cent 
glycerin in ox-bile. Calmette believed that the reduction in the virulence of BCG 
resulted from cultivation in the presence of ox-bile. Griffith (3) was able to 
show that a pathogenic bovine strain of the tubercle bacillus did lose virulence 
under such conditions of cultivation. 

Holm (4), in discussing the use of BCG in Denmark, makes the statement 
that the culture kept at the State Serum Institute in Copenhagen is transferred 
only occasionally to a medium containing ox-bile and only then when it is appar- 
ent that BCG is “weakened in virulence.” Moreover, he states “. . . a new in- 
crease in virulence was obtained bj r several passages on bile potato.” It is 
difficult to understand this assertion in the light of Calmette’s original thesis 
and of Griffith’s (3) work. One would expect that the return to cultivation on 
bile-potato medium would act in a reverse fashion. 

In the BCG laboratory of the Municipal Tuberculosis Sanitarium of Chicago, 
in addition to the culture used for routine vaccination purposes, a strain of the 
organism has been maintained continually on ox-bile-glycerin-potato medium. 
It has been conscientiously transferred at two week intervals from 1934 to the 
present. In order to determine whether this treatment resulted in a loss in 
immunogenic ability, an experiment was performed which is detailed below. 

MATERIALS AND METHODS 

The culture of BCG used in these experiments has been kept under rigorous control 
since its arrival in this country in 1934. It has been cultivated by tbe methods prescribed 
by Calmette (2) and transferred at two week intervals. Thousands of guinea pigs have 
been used to test its a virulence and at no time has any evidence been apparent that this 
strain can cause progressive tuberculosis in guinea pigs. Intraperitoneal inoculation of 
several milligrams of the organism into guinea pigs results in, at most, the appearance 
of tubercles in the omentum and occasional tubercles in tbe liver and spleen. These 
lesions are self-limiting and usually have disappeared within one year. 

Two groups of tuberculin negative (1 : 10 Old Tuberculin), commercially obtained guinea 

1 From the Department of Microbiology and Public Health, Chicago Medical School 
and the Municipal Tuberculosis Sanitarium of Chicago. 
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pigs were vaccinated by the multiple puncture method. On each guinea pig two areas 
on the back immediately lateral to the midline were shaved and cleansed. On each area 
a large drop of suspension of the culture was placed and through it 45 separate and discrete 
punctures were made. One group, composed of 16 animals, was vaccinated with what is 
designated for the purpose of this report “regular” vaccine, i.e., a suspension of BCG 
prepared in tho usual way for vaccinating human beings. The other group, composed of 
IS animals, was inoculated with a suspension prepared from the culture which has been 

TABLE 1 


Tuberculin reactions of guinea pigs vaccinated with BCG 


“regceae” vaccine 

“bile” vaccine 

Guinea Fig 
Number 

Date 

Vaccinated 

Date 

tested 

Result 1 in mm. 

Result* in mm. 

Date 

tested 

Date 

vaccinated 

Guinea 

Pig 

Numbers 

2420 

11-18-46 

1-8-47 

8X8*; 

6X6t 

l-S-47 

11-18-46 

2402 

3449 

CC 

CC 

10 X lot 

8 X io‘; 

CC 

CC 

2428 

2426 

ft 

1C 

12 X lot' 

10 x lot 

Cl 

cc 

3047 

2437 

tt 

cc 

12 X lot' 

S X 12*; 


cc 

2416 

3353 

tt 

cc 

12X12t r 

12X12t r 


cc 

3027 

2494 

tt 

cc 

12 X 127 

12 X lOt 

CC 

cc 

3028 

32S1 

cc 

cc 

12 X 127 

12X141' 


cc 

3041 

2470 

cc 

cc 

12 X 147 

12X14t 

cc 

It 

2491 

2474 

cc 

cc 

10 X 12tt 

14 X 12^ 

cc 


3040 

2492 

cc 

cc 

14 X 147 

12 X lOtt 

cc 

cc 

2408 

3433 

cc 

cc 

14 X 12tt 

12 X 12tt 

cc 

tt 

3039 

3026 

cc 

cc 

14 x h;; 

12X12tt 

cc 

tt 

2455 

3460 

« 


14 X 14ttt 

14 X 147 

cc 

cc 

2403 

2443 

cc 

cc 

10 X 14tt 

18 X 14t 

cc 

cc 

2440 

3051 

cc 


14 X 16tT 

16 X 127 



3260 

3457 

cc 

cc 

IS X 14ttt 

16 X 147 

cc 

“ 

2454 





20 X 14t7 


tt 

2430 





16 X 20t7 


tt 

2446 


1 The results of the test were read at forty-eight hours and measured in 2 diameters in 
millimeters. The degree of redness is indicated by the upper + sign and degree of edema 
by the lower. The latter takes into consideration the thickness of the edema. Tr. = 
trace. The reactions are arranged as closely as possible in increasing intensity by the 
National Tuberculosis Association standards. The 1+ reactions are on the first line, the 
2+ reactions on the next twelve lines and the 3+ reactions on the last five lines. 

kept continuously transferred in the ox-bile-glycerin-potato medium (the “bile” vaccine). 
Each vaccine was in a concentration of 15 mg. per cc. 

Seven weeks after immunization, each of the guinea pigs was tested for tuberculin 
sensitivity by an intradermal injection of a 1 :10 dilution of Old Tuberculin. One week 
later all the animals were injected subcutaneously with a suspension of a virulent tubercle 
bacillus (Hj,). At the same time 34 normal tuberculin-negative guinea pigs, as controls, 
were injected with the same suspension and the same dosages of virulent tubercle bacilli. 
The viability of both the vaccine and H !7 was controlled by inoculation of Lowenstein’s 
medium at time of use. In each case viability was confirmed. 
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In order to determine the degree of protection, the animals were divided into 
three secondary groups. Each group was given a different dose of the challenge 
tubercle bacillus (H37), i.e., 0.05 mg., 0.005 mg. and 0.0005 mg. In figure 1 are 
depicted the degree of tuberculosis and time to death of each of the various 
groups of guinea pigs. It is interesting to note that the three graded doses made 
remarkably little difference in the average time to death of the controls. 
Detailed examination of the figure makes it obvious that BCG, whether cultured 
intermittently or continuously on bile, confers a measurable degree of protection. 
This is further emphasized by the fact that 12 out of 16, or 75 per cent, of the 
animals vaccinated with either type of vaccine that finally died of generalized 
tuberculosis did so after 100 days. In the control group, only 3 out of 25, or 
12 per cent, of the animals died more than 100 days after inoculation with H37. 
In addition, there were 4 vaccinated guinea pigs that died of intercurrent infec- 
tion -146 to 179 days after inoculation with virulent tubercle bacilli and showed 
little evidence of tuberculosis at autopsy. 

By the same method of comparison it may be seen that 6 out of 8, or 75 per 
cent, of the animals immunized with the “regular” vaccine that finally died of 
generalized tuberculosis did so after 100 days. Exactly the same figures hold 
for the group vaccinated with the “bile” vaccine. Under the conditions of this 
experiment, there seems to be no significant difference between the immunogenic 
ability of the two types of vaccine. 


SUMMARY 

An experiment is described designed to determine whether the immunogenic 
ability of BCG, which is ordinarily cultured intermittently in the presence of 
ox-bile, is changed by continuous association with ox-bile. The results suggest 
that the possible loss of potency that could theoretically accrue to the vaccine 
because of exposure to bile has not yet made its appearance although BCG 
has been in continual cultivation on an artificial medium for thirty-nine years. 

SUMARIO 

Cornparacion de la Inmunogeniddidad para el Cobayo del BCG Cullivado 
Inlermitente y Continuamente en Presencia de Bills 
El experimento descrito se proponia determinar si la continua asociacidn con 
bilis de buey hace variar la capacidad inmun6gena de BCG, que se suele cultivar 

intermitentemente en presencia de dicha bilis. El resultado denota que todavia 
no ha aparecido la pdrdida de potencia que podria tedricamente aparecer en la 
vacuna debido a la exposition a la bilis, aunque BCG ha estado en cultivo 
continuo en medio artificial durante 39 anos. 

Note. Since the above article was submitted for publication, there has appeared the 
report of F. van Deinse (Am. Rev. Tuberc., 1948, 58 , 571) which confirms the experimental 
results reported here. 
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Ulcerating Tuberculous lesions of Mucous Membranes 

Ulcerating lesions of mucous membmnes usually respond well to streptomycin therapy. 
Included in this group arc laryngeal, tracheal, bronchial, oropharyngeal, and enteral 
ulcerations, and tuberculous otitis media, and streptomycin is recommended for these 
conditions. 

Streptomycin is most effective in t uberculous lesions of the larynx and tracheobronchial 
tree which arc ulcerating; somewhat less so but still effective in lesions which are granu- 
lomatous; and still less effective in diffuse inflammatory lesions. It appears to be ineffec- 
tive in purely cicatricial lesions. Other routes of administration, topical, aerosol, oral, 
are not sufficiently effective to be recommended as alternatives to parenteral adminis- 
tration. 

With parenteral administration healing of ulcerative lesions is prompt. Streptomycin 
therapy may safely be discontinued soon after healing by cpithclialization has been ob- 
served to occur (restitution of normal mucosal pattern roentgenologically in the case of 
tuberculous enteritis). In cases with an ultimately poor prognosis because of associated 
extensive pulmonary tuberculosis, streptomycin may be used for short and intermittent 
periods of time for its palliative clinical effects in treatment of clinical complications. 

Tuberculous Sinuses and Fistulac 

Streptomycin is recommended in the treatment of draining tuberculous sinuses and 
fistulac and appears to be highly effective in closing the infected tracts, at least temporar- 
ily, in a majority of cases, regardless of the underlying tuberculous disease. 

For more permanent results in most instances, however, streptomycin is merely an 
execllcut adjunct to suitable surgery, superior results being obtained only with this com- 
bined treatment. Such surgical measures will include wide excision or incision and drain- 
age, depending on the location and nature of the underlying tuberculous pathology and 
are best instituted prior to, or at the time of, institution of streptomycin therapy. 

Gcnito-itrinary Traci 

Streptomycin is recommended in the treatment of tuberculosis of the genito-urinary 
tract. As a rule this mil be in conjunction with other indicated therapy, especially sur- 
gery. Symptomatic relief and increase in bladder capacity are common, and the urine 
is sterilized in many, although only temporarily in some. Results are compromised by 
the fact that most clinically detected cases of renal tuberculosis are far advanced with 
caseation, and streptomycin is least effective in these cases. 

Tuberculosis of Done, Joint and Cartilage 

Streptomycin is advised in the treatment of tuberculosis of bone, joint and cartilage, 
particularly in conjunction with other accepted forms of therapy. Because the effect of 
streptomycin therapy may be long delayed in becoming apparent, it is important to 
exercise discriminating judgment in the timing of the use of the drug as an adjunct to other 
procedures. 


Tuberculous Meningitis 

Intensive therapy with streptomycin, administered both parenterally and intrathecally, 
is imperative for the treatment of tuberculous meningitis. Intramuscular therapy 
should be continued for from four to six months. As indicated below, the recommended 
dosage for intramuscular administration is two grams a day. It is recommended that 
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Streptomycin and Surgical Procedures 

Streptomycin appears to be beneficial when employed prophylnctically for short periods 
of time in association with certain surgical procedures. This is particularly true for single- 
stage operations, where prolonged administration of streptomycin is not required. Em- 
ployed for short periods before and after operation, streptomycin has markedly decreased 
the hazards of pulmonary resection for tuberculosis by diminishing the incidence of early 
postoperative spreads. 

It is not considered advisable to employ streptomycin as a routine prophylactic in 
multiple-stage operations for tuberculosis. 

Dosage and Duration of Streptomycin Therapy 

Much remains to be determined as to the optimal dosage and duration of streptomycin 
therapy. It is probable that no single streptomycin regimen is suitable for all types and 
forms of tuberculosis. With smaller daily doses of streptomycin, there is relatively little 
danger of toxicity; but the problem of the emergence of drug-resistant strains of organisms 
remains unsolved. 

One gram a day may be sufficient for the majority of tuberculous lesions, with the 
exception of tuberculous meningitis and milinry tuberculosis, where more may be advis- 
able (see above). There is some evidence that some regimens of two grams a day produce 
better therapeutic results. The higher incidence of toxic manifestations on the regimens 
using the larger dosages must be balanced against their possibly greater efficacy. 

Frequency of administration need not be greater than every' twelve hours. It is advised 
that streptomycin therapy be administered in courses of forty-two day's (wliich may' be 
repeated, if necessary) to reduce the incidence of emergence of drug-resistant organisms. 
This recommendation does not apply in the case of miliary tuberculosis and tuberculous 
meningitis, where, as noted above, it is recommended that treatment be continued for at 
least four months. 

In individual cases it may be necessary' to weigh the therapeutic advantages that might 
accrue from longer periods of treatment against the disadvantage of the emergence of 
drug-resistance. Until further studies have been concluded, it cannot be recommended 
that injections be made less frequently or that treatment be continued for shorter periods 
of time than here indicated. 

Toxic Manifestations of Streptomycin Therapy 

Toxic manifestations are relatively infrequent on the dose recommended above, i.e., one 
gram a day. Nevertheless the following reactions do occur and whenever treatment with 
streptomycin is contemplated, the dangers of the untoward side reactions should be com- 
pared with the hazards of the tuberculous disease being treated: 

(a) A disturbance of vestibular function may be observed, especially following pro- 
longed treatment with larger doses. Partial or complete compensation is frequently 
noted, especially in younger persons, but the potentialities of this disorder must not be 
underestimated by the physician. It has not been determined if this disadvantage to 
streptomycin therapy can be overcome. 

(b) Deafness may be produced in very rare instances and only following larger doses 
or when streptomycin excretion is defective. Useful hearing is nearly always regained 
if treatment is suspended promptly when deafness is noted. Audiometric observations 
are probably advisable at this time until the conditions under which deafness occurs are 
better defined. 
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(c) Serious renal damage produced by streptomycin appears to be observed rarely ex- 
cept when there is pre-existing renal disease. 

(d) Cutaneous rashes, apparently due to acquired hypersensitivity to streptomycin, 
are occasionally observed and sometimes indicate that treatment should be suspended 
temporarily. It is usually possible to resume treatment later. Serious exfoliative 
dermatitis is observed rarely. 

Emergence to Predominance of Drug-resistant Tubercle Bacilli 

The disappearance of drug-sensitive strains of tubercle bacilli and their replacement 
with strains which are drug-resistant present a serious handicap to prolonged effective 
therapy with streptomycin. It is not yet known what conditions encourage the appear- 
ance of drug-resistant organisms, how to determine drug-resistance with absolute precision, 
or how permanent this change in bacterial flora may prove to be. There appears to be a 
fairly uniform rate of appearance of such drug-resistance, related to the duration of treat- 
ment but independent of the daily dosage. The advantage of the forty-two day duration 
of therapy suggested is the probable avoidance of the emergence of drug-resistant strains 
in a larger percentage of cases. Retreatment is possible and feasible if the organisms 
remain drug-sensitive and the disease continues an unfavorable course or relapse occurs. 
Organisms should be tested for sensitivity before retreatment is undertaken, whenever 
practicable. 

Dihydroslrcplomycin 

The Committee has reviewed limited experimental and clinical evidence concerning 
dihydrostreptomycin, a hydrogenated derivative of streptomycin. In most respects, the 
pharmacological properties of this compound, including absorption and excretion, are 
similar to those of the parent substance and in comparable doses dihydrostreptomycin 
and streptomycin apparently produce the same suppressive action on the tubercle bacillus, 
in vitro and in vivo. 

The chief advantage of dihydrostreptomycin is that it is less toxic than streptomycin, 
especially in its action on the vestibular apparatus, when given in comparable doses for 
similar periods. 

Despite the lowered incidence of toxicity, it should be pointed out that dihydrostrep- 
tomycin is not devoid of toxic potentialities. In addition to neurotoxicity, abdominal 
discomfort, nausea, vomiting, and skin rashes have occurred in a few instances. Another 
possible advantage of this compound is that it appears to be well tolerated by some 
patients who have developed hypersensitivity reactions to streptomycin. These advan- 
tages seem promising and warrant extensive clinical trials. 

Some preparations of dihydrostreptomycin have produced local irritation at the site of 
injection; such preparations should not be used intrathecally. Unfortunately, strains of 
tubercle bacilli resistant to dihydrostreptomycin emerge in the same manner as to strepto- 
mycin, and organisms resistant to one compound are equally resistant to the other. 
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Postgraduate Courses in Pulmonary Diseases 

The following postgraduate courses in pulmonary diseases are scheduled for the first 
half of 1949 by the American Trudeau Society, Medical Section of the National Tubercu- 
losis Association. This program is conducted under the auspices of eight regional com- 
mittees, covering all states, and the provinces of Canada, in cooperation with the medical 
schools of leading universities. 

Applications may be obtained from the American Trudeau Society, 1790 Broadway, 
New York 19, New York. These courses are generally oversubscribed and physicians 
interested in applying are urged to request application forms as early as possible. 

By special arrangement with the Department of Medicine and Surgery of the Veterans 
Administration, physicians employed by that agency are invited to participate. The 
request for detail to these courses originates in the branch and regional offices of the 
Veterans Administration and duplicate applications are required. 

Physicians applying under Public Law 346, (G I Bill) should so state when filing appli- 
cations with the Society. 

January 24-29, 1949 Region VII comprising the states of: Washington, Oregon, 
Los Angeles, California California, Idaho, and Nevada; and the provinces of Alberta 

and British Columbia, Canada. This one week course will 
be held in cooperation with the College of Medical Evangelists, 
the University of Southern California School of Medicine, and 
the University of California at Los Angeles Medical School. 

Tuition — $50.00 

March 7-12, 1949 Region V comprising the states of: Ohio, Indiana, Michigan, 

Indianapolis, Indiana Illinois, Wisconsin, Missouri, Iowa and Minnesota; and the 

provinces of Manitoba and Saskatchewan, Canada. This one 
week course will be held in cooperation with Indiana University 
School of Medicine. 

Tuition — $50.00 

March 13-20, 1949 Region IV comprising the states of: Alabama, Arkansas, 

New Orleans, Louisiana Louisiana, Missippi, Oklahoma and Texas. This two week 

course will be held in cooperation with Tulanc University 
of Louisiana School of Medicine and Louisiana State Univer- 
sity. 

Tuition — $100.00 

Region III comprising the states of: Maryland, Virginia, 
West Virginia, Kentucky, Tennessee, North Carolina, South 
Carolina, Georgia, Florida and the District of Columbia. 
This one week course will be held in cooperation with Emory 
University School of Medicine. 

Tuition — $50.00 

Region VI comprising the states of: Colorado, North Dakota, 
South Dakota, Nebraska, Kansas, New Mexico, Arizona, Utah, 
Wyoming and Montana. This two week course trill be held in 
cooperation with the University of Colorado School of Medi- 
cine. 


July-August, 1949 
Denver, Colorado 


April 4-9, 1949 
Atlanta, Georgia 
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Tuition — $103.05 
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Spring or Region VIII is planning a course at Saranac Lake, N. Y., 

Summer, 1949 chiefly for physicians from Northern New York and the Cana- 

dian Province of Quebec. This will be held in cooperation 
with medical schools of the area and The Trudeau Sanatorium. 
The dates have not yet been announced but information will 
be sent to those requesting it when available. 

Special attention is directed to the following course for general practitioners which is 
being given in cooperation with The St. Louis University School of Medicine, January 17, 
18, 19, 1949. Applications for this course should be obtained from the Executive Secre- 
tary of the Missouri Trudeau Society, 411 North 10th Street, Room 505, St. Louis 1, 
Missouri. 

This is the second course for general practitioners included in the American Trudeau 
Society’s program of postgraduate opportunities. There follows a summary of some of the 
subjects to be presented by leaders in the field of pulmonary disease: 

Symptomatology in Chronic Pulmonary Disease— Practical evaluation of cough, pain, 
hemoptysis and dyspnea. Julius L. Wilson, M.D., Professor of Clinical Medicine, 
Tulane University School of Medicine; Head of Section on Chest Diseases, Ochsner 
Clinic, New Orleans, La. 

Physical Examination of the Chest— its limitations. Paul Murphy, M.D., Assistant 
Professor of Clinical Medicine, St. Louis University School of Medicine, St. Louis, Mo. 
Chest Films — how to obtain satisfactory ones. Don C. Weir, M.D., Senior Instructor in 
Radiology, St. Louis University School of Medicine, St. Louis, Mo. 

Skin Tests — their importance in the diagnosis of lung diseases. Herbert L. Mantz, M.D., 
Tuberculosis Controller, Kansas City, Mo., Consultant in Tuberculosis, Veterans Ad- 
ministration. 

The Five Cardinal Points in the Diagnosis of Clinical Pulmonary Tuberculosis. George 
D. Kettelkamp, M.D., Medical Director, Robert Koch Hospital; Assistant Professor of 
Clinical Medicine, Washington University School of Medicine, St. Louis, Mo. 

Basic Concepts and Objectives in the Treatment of Pulmonary Tuberculosis. Carl 
Muschenheim, M.D., Associate Professor of Clinical Medicine, Cornell University Med- 
ical College, New York, N. Y. (Dr. Muschenheim also will speak on “Streptomycin in 
the Treatment of Tuberculosis.”) 

Among other subjects to be presented are: extra pulmonary tuberculosis, special prob- 
lems in the management of tuberculosis such as pregnancy, diabetes, syphilis, surgical 
operations; tuberculous pleurisy with effusion, its management from the standpoint of 
avoiding subsequent phthisis; public health aspects of pulmonary tuberculosis, mass 
X-ray surgery, tuberculin testing, general hygiene; the pneumonias, practical points in 
the diagnosis and management; bronchiectasis; empyema thoracis; bronchogenic carci- 
noma; mediastinal tumors; mycotic diseases of the lung; the pneumoconioses; use of 
oxygen therapy, and rare diseases of the lung. 
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Streptomycin for Tuberculous Meningitis. — 
Clinical trials of streptomycin in the treat- 
ment of tuberculous meningitis in Great 
Britain were conducted under the super- 
vision of a committee of the Medical Research 
Council. The results in 105 cases are re- 
ported. Of these, 71 have died, 33 are 
making good progress and one is deteriorating 
after seven or more months of treatment and 
observation. The prognosis in children under 
3 years of age was much worse than in older 
children. The prognosis was better in the 
early stages of the disease than in the later. 
The results in patients who received only 
intramuscular streptomycin were much poorer 
than in those receiving the drug both intra- 
muscularly and intrathecally. Nevertheless, 
it was felt that daily intrathecal treatment 
sustained over a long period ceases to be 
beneficial and probably is harmful. It was 
felt also that periods of complete rest from 
streptomycin treatment are beneficial. The 
streptomycin levels in the cerebrospinal fluid 
were found to be lower in patients who were 
recovering than in those who were deterior- 
ating. Among the fatal cases 4 types were 
noted: ( 1 ) no response to treatment, (3) 
slow progressive deterioration with no period 
of improvement, (3) progressive deterioration 
after a short initial period of improvement or 
no change, and (4) relapse after a long period 
of improvement. In all but the first group, 
life was prolonged far beyond the normally 
expected period. As a result of the longer 
period of survival, spinal block and hydro- 
cephalus were found in greater frequency than 
heretofore. In patients who ultimately fared 


badly, tubercle bacilli were isolated from the 
cerebrospinal fluid much more frequently 
during the first three weeks in patients who 
did poorly than in those who made good 
progress. Strains isolated from 22 patients 
treated up to 136 days were found resistant 
to streptomycin in only 3 cases. — Strepto- 
mycin Treatment of Tuberculous Meningitis, 
Medical Research Council, Lancet, April 
17, 1948, 1: 582.— (A. G. Cohen ) 

Streptomycin for Tuberculous Meningitis. 
— A total of IS cases of tuberculous meningitis 
were treated with streptomycin. Of these, 
7 died and 11 survived; 4 of the latter are still 
under treatment. In most cases, the drug was 
administered both intramuscularly and in- 
trathecally for at least six weeks and there- 
after intramuscularly alone for the next four 
to six months. The average intramuscular 
dose was 2 Gm. daily for adults and 0.02 
Gm. per lb. of body weight for infants, at 
first by divided doses and then by a single 
daily dose. After about four months, if the 
patient was doing well, a single injection of 2 
Gm. was given every two days. The daily 
intrathecal dose was 0.1 Gm. for adults and 
0.05 to 0.07 Gm. for infants, given as a single 
injection. When very strict antiseptic pre- 
cautions were used, very few side effects 
were seen, except involvement of the eighth 
cranial nerve and gastric upsets. In the fatal 
cases, necropsy revealed extensive exudative 
changes in the meninges. These resulted in 
hydrocephalus, symptoms of cerebral anoxia 
or infection, and manifestations of hypo- 
thalamic disturbance. The diagnosis of ad- 
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vanced cases was relatively simple; it was is recommended Tuberculous Meningitis 
easy to find acid-fast bacilli on smears and to Treated With Streptomycin, 0. S. Nav, Jr. 
confirm their pathogenicity by culture. In & F. J. Wcnzlcr, J. PcdiaL, April, 19$, 32: 
early cases, the diagnosis sometimes could not 410. (17. II. Oatwav Jr.) 


be proved immediately and treatment was 
begun in some cases before the organisms 
were identified. In all but 2 cases, frontal 
burr holes were made to provide access to the 
anterior horns of the lateral ventricles. If 
7 to 10 ml. of fluid were obtained from each 
side, the diagnosis of brain abscess could be 
excluded and treatment begun earlier. Some- 
times the organism was found more readily 
in the ventricular specimen than in the 
lumbar. Direct access to the ventricles for 
administration of streptomycin was thus 
provided. The object of treatment was to 
obtain as soon as possible a high level of 
streptomycin in the cerebrospinal fluid and to 
maintain this level. In the 7 survivors who 
have stopped treatment, neurological re- 
covery is complete except for the eighth 
nerve. — Treatment of Tuberculous Meningitis 
with Streptomycin, H. V. Smith, R. L. 
Vollxim and H. Cairns, Lancet, April 24, 
1948, 1: 627. — (A. G. Cohen ) 

Streptomycin for Tuberculous Meningitis. — 
About 75 cases of spontaneous recovery from 
tuberculous meningitis have been reported in 
the literature. No case has ever recovered, 
however, in the past thirty-two years at the 
Boston City Hospital; the deaths have totalled 
178. A 7-year-old boy has been treated with 
streptomycin and is clinically cured after one 
year. He received a total of 70,45S,332 
units intramuscularly and 2,675,000 in- 
trathecally over a period of 141 days. He 
has several residual paralyses. Two other 
patients died after brief treatment; a third 
infant recovered clinical^, was sent home 
with serious cerebral damage, and died thirteen 
months after the start of therapy; a fourth 
child, apparently completely well, died sud- 
denly nine months after she was first seen, and 
a cerebral thrombosis and infarction (pro- 
duced by the growth of a tuberculoma) were 
found, as well as miliary tubercles containing 
acid-fast bacilli. Early and intensive therapy 


p-Aminosallcylic Acid for Tuberculosis. — 
Five patients with pulmonary tuberculosis 
were treated with p-Aminosalicylic Acid for 
sixty days and one patient for four weeks. 
A total of 12 Gm. daily* was administered in 
divided doses every three hours. Within a 
few daj*s there was great improvement in the 
patient’s general condition. There was a 
decline in fever and a decrease in the number 
of organisms. A blood level of 2 to 5 mg. 
per cent was reached with the stated dose. 
There were no toxic reactions. The author 
believes that the dosage and length of treat- 
ment were insufficient but that the drug is of 
value in exudative and toxic forms of tuber- 
culosis. — Pulmonary Tuberculosis Treated 

with p-Aminosalicylic Acid. A. Erdci, Lancet, 
May 23, 1948, 2: 791. —{A. G. Cohen ) 

Whooping-cough and Tuberculosis. — In the 
ten years before August 1947, 1,747 patients 
were admitted to the Cleveland City Hospital 
with pertussis. All such patients routinely 
are tuberculin skin-tested, since the pulmonar 3 T 
symptoms of tuberculosis may be the same as 
those of pertussis and the findings by X-rny 
ma 3 r be similar for several infections. In 3S 
patients the chest X-ray showed suspicious 
evidence of tuberculosis; in 23 patients the 
tuberculin test was positive; 19 actually had 
either primary active, or arrested tuber- 
culosis. Except in one case there was no 
evidence that tuberculosis was activated by 
pertussis. All patients ill with whooping- 
cough should have a tuberculin skin test to 
aid differential diagnosis. — Docs Pertussis 
Activate Tuberculosis?, J. A. Toomcy, J. C. 
Bcrno, & H. Agustsson, J. Pcdiat., March, 
1948, 32: £60.— (IF. II. Oatxcay, Jr.) 

Coexisting Coccidioidomycosis and Tuber- 
culosis. — Only 3 such cases are recorded in the 
literature. There have been recent verbal 
reports of several more. The authors report 
a case of cavitation due to coccidioido- 
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mycosis. After fifteen months, the patient 
developed cavitary tuberculosis in the op- 
posite lung. — Coexisting Pulmonary Coccidio- 
idomycosis and Tuberculosis, R. S. Study 
& P. Morganstem, New England J. Med., 
June 10, ms, 238: SS7.—(A. G. Cohen ) 

Serous Tuberculosis in African Negroes. — 
Among native African troops between the 
ages of IS and 30, 169 cases of serous pleuritis 
were seen. These are divided ns follows: 
primary glandular tuberculosis with effusion, 
16, primary unilateral effusion, 125, and 
tuberculous polyserositis, 2S cases. The 
16 cases of primary glandular tuberculosis 
with effusion are part of a group of 36 cases of 
primary glandular tuberculosis. The patients 
gave a history of fever, cough and slight 
expectoration for several weeks. Some 
showed no local signs or symptoms and were 
first regarded as cases of unexplained fever. 
Others showed signs of local consolidation 
and were first regarded as pneumonia. X- 
rays showed, besides the effusion, enlarged 
nodes and occasionally hilar flare or definite 
lobar or segmental collapse. Sputum and 
gastric studies were negative for tubercle 
bacilli. The effusion appeared at the onset 
in 7; in the other 9 it appeared after three to 
four months. The course in all patients was 
benign; there were no deaths. The tempera- 
ture gradually fell and the fluid absorbed but 
the glandular enlargement persisted. The 
second group consists of 125 cases of primary 
pleural effusion with no deaths. The onset 
in some was subacute with chest pain, fever 
and dry cough. In others, the onset was 
insidious with general malaise and minimal 
local symptoms. In others, there was an 
acute onset with high fever and severe 
pleuritic pain; these cases were diagnosed as 
pneumonia at first. In 12 per cent, there was 
enlargement of the supra-clavicular, less often 
the cervical, lymph nodes. In the few cases 
checked, cultures of the fluid were negative. 
The cells were predominantly' lymphocytes. 
The sputa were negative. The white blood 
counts were normal. The subsequent course 
was characterized by' a fall in temperature and 


gain in weight. There was a gradual fall in 
sedimentation rate; higher final figures were 
found in cases with the most residual pleural 
thickening. It was impossible to enforce 
bed-rest after the initial acute stage. In 
about one lialf of the cases the fluid was 
allowed to absorb without interference; in the 
other half, it was aspirated as indicated. The 
final results showed considerable pleural 
tliickening in 70 per cent; there was little 
difference between the 2 groups. Criteria 
for arrest were: ( 1 ) normal temperature for 
three weeks, (2) absorption of fluid, (S) 
significant weight gain, and (4) progressive 
fall in sedimentation rate. This required 
about four to five months. The third group 
consists of 28 cases of polyserositis. These 
are divided as follows: (1) presenting as 
primary glandular tuberculosis, with sub- 
sequent generalized miliary spread, 3 cases, 
all fatal; (2) primary serous tuberculosis, 
with subsequent consecutive effusions of the 
polyserositis type, II cases with one death; 
and (S) primary serous tuberculosis with 
subsequent polyserositis, 14 cases with one 
death. In these 28 cases, 20 presented as a 
unilateral pleural effusion; a contralateral 
effusion appeared within eighteen months in 
15. Pericardial effusion was found in 8 and 
abdominal glandular and serous tuberculosis 
in 10 cases. Anatomically, all the cases were 
characterized by r marked tracheobronchial 
lymph node tuberculosis. The disease then 
progressed from one chain of glands to the 
other and may have been the cause of the 
pleural effusion. Unlike the case in Euro- 
peans, primary pleural effusion in African 
Negroes is linked with slow continuous or 
intermittent evolution of primary tuber- 
culosis. It appears in the post-primary stage 
within about six months and displays 3 
tendencies unusual in European adults: 
(I) it is an incident in a predominantly 
glandular syndrome; ( 2 ) it may develop into 
polyserositis; and (S) at any point, miliary 
dissemination may supervene. — Serous Tuber- 
cidosis in East African Natives, S. R. Wood, 
Brit. J. Tuberc., April, 1948, 42 : 88. — (A. 
G. Cohen ) 
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Congenital Tuberculosis. — A previous 

definition of congenital tuberculosis has been 
“tuberculosis in which the infection occurs 
before birth by way of the blood stream or by 
aspiration of the amniotic fluid or contents of 
the birth canal.” The authors agree with the 
first portion, but believe that those cases which 
result from aspiration in the birth canal 
should be called “tuberculosis neonatorum.” 
Several reviews of the literature in recent 
years have “authenticated” 100 cases, more or 
less, and some believe that intra-uterine in- 
fection is quite rare. The authors report the 
case of a Negro infant, removed from its home 
within an hour after a normal birth, which 
died on the forty-fourth day of acute miliary' 
tuberculosis, proved at necropsy. The mother 
died sixty seven days post partum of a 
“miliary tuberculosis,” diagnosed by X-ray 
of the chest. She also had a positive Was- 
sermann, a negative tuberculin skin test, and 
a foul vaginal discharge. — Congenital Tuber- 
culosis. A Review of the Disease With 
Report of a Case, E. A. Harris, G. C. Mc- 
Cullough, J. J. Stone, & W. M. Brock, J. 
Pediat., March, 194S, 32: 811.— (TF. II. 
Oatway, Jr.) 

Extrapleural Pneumolysis with Lucite 
Plombage. — There has been a continuous 
search for the ideal substance to fill the ex- 
trapleural space in plombage. Certain ex- 
perimental work suggested that methyl 
methacrylate, known commercially as lucite, 
was well suited for this purpose. Balls of 
this substance were used in operations on 30 
cases. The lesions were of the same type as 
those for which thoracoplasty would or- 
dinarily be performed except that those with 
large thin- walled cavities were not taken. 
Lesions down to the third anterior rib were 
considered operable. Advanced age and 
bilaterality were not considered contrain- 
dications. All were pneumothorax failures. 
An average of 20 to 35 lucite balls were used in 
each operation. The postoperative course 
generally was uneventful. All patients de- 
veloped fluid in the extrapleural space. The 
febrile reaction was mild. Subcutaneous 


emphysema was infrequent. The pleura was 
torn in 3 cases but with no serious outcome. 
Most patients had some pain. The ad- 
vantages of the operation are lack of de- 
formity, absence of paradoxical motion and 
less loss of pulmonary' function. An economic 
advantage is the fact that it is performed in 
one stage. It is a more difficult operation 
than thoracoplasty. The ultimate fate of the 
lucite is unknown. — Extrapleural Pncumo- 
nolysis with Lucite Plomagc, J. B. Grow tfc 
R. E. Dwork, Brit. J. Tubcrc., April, 194S, 
42: 84- — ( A . G. Cohen) 

Extrapleural Pneumonolysls. — Lateral 
thoracid branches of the internal mammary 
artery occur in approximately 50 per cent of 
individuals. These vessels course over the 
inner aspect of the upper and anterolateral 
area of the chest wall. They may be damaged 
when giving refills after an extrapleural 
pneumonoly'sis, resulting in serious hemor- 
rhage into the extrapleural space. Moderate 
or massive hemorrhage occurs in 5 to 20 
per cent of cases and may result in collapse of 
the patient or, more remotely, delayed in- 
fection or gradual obliteration of the space. 
When discovered at operation, the vessels 
should be ligated or coagulated with diathermy 
and, in addition, refills should at first be given 
from the back. — Hemorrhage after Extra- 
pleural Pncumonolysis, W. P. Clcland, Thorax, 
June, 194S, 3: 127. — (A. G. Cohen) 

Bilateral Collapse Therapy. — In a group 
of thoracoplasty cases, 11.2 per cent received 
contralateral pneumothorax. These were di- 
vided into 3 groups according to the post- 
operative results. Group A, comprising those 
with negative sputum, totaled 14 cases or 
4S.25 per cent. In all cases the lesions were 
arrested or quiescent. In group B, with 
positive sputum, there were 10 cases or 34.5 
per cent. The lesions were stationary or 
improving in 5 and extending in 5. Group C 
contained 5 cases or 17.25 per cent; these were 
all dead. The initial prognosis in these cases, 
requiring thoracoplasty in the presence of an 
active contralateral lesion, is bad. The 
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pneumothorax must be managed with the 
neatest care. A marginal pneumothorax 
should he maintained and an attempt slioul 
he made to keep the lung at a constant 
distance from the chest wall. Thr 
relapses and 2 of the 5 deaths resulted directly 
from premature abandonment of the pneu- 
mothorax. The optimum time for such 
abandonment is debatable. The author be- 
lieves it should be maintained as long as 
po-sible. — Bilateral Active Pulmonary Tuber- 
culosis Treated with Artificial Pneumothorax 
and Thoracoplasty , G. P. Mahcr-Loughann 
Tubercle, May, WS, 29: 101. -{A. G. Cohen) 


Recurrent nnd Chronic Spontaneous Pneu- 
mothorax. — Seventy-one cases of recurrent 
and chronic spontaeous pneumothorax are 
reported. A case is considered chronic if the 
collapse lasts longer than three months. 
There were 4G such cases with an average 
duration of fifteen months. Of these, 29 
were entirely chronic while in 17 chromcity 
supervened upon recurrent attacks. There 
were 25 purely recurrent cases; when combined 
with the 17 complicated by clironicity, they 
make a total of *12 recurrent cases. The 
average number of attacks was 4; the greatest 
number was 15. Chronic pneumothorax 
leads to invalidism and disability. In re- 
current pneumothorax, the patient is doomed 
to a life of inactivity. It is believed that 
chronic and recurrent pneumothorax are 
manifestations of one aspect of the natural 
history of many lung diseases. The number 
of males greatly exceeded females. All 
decades of life were represented. There was 
a higher incidence in older decades than in 
pneumothorax simplex. Clinically, there was 
a greater coincidence of chronic bronchitis and 
emphysema. The condition often was noted 
accidentally. In chronic pneumothorax the 
loss of weight was striking. Plain radiographs 
may show nothing more than the pneumo- 
thorax. The first consideration is to decide 
whether it is actually a pneumothorax or 
rather a giant cyst or bulla. Diagnostic 
puncture is dangerous as it may lead to a 
severe pneumothorax; it should be done only 


when one is prepared to proceed with thora- 
cotomy. The plain film should be inspected 
for evidence of cysts or bullae. These are 
easier to detect by tomography. Bron- 
chograms occasionally are desirable; they 
may disclose unsuspected or asymptomatic 
bronchiectasis and may also help in differ- 
entiating between pneumothorax and cyst 

Bronchoscopy occasionally is helpful. Pleura 
pressure readings which quickly revert to the 
original after aspiration are diagnostic of a 
bronchopleural fistula. Determination rf the 
carbon dioxide, oxygen and nitrogen content 
of the pleural air also may help to determm 
the presence of a fistula. The most valuable 
diagnostic procedure is thoracoscopy, ihe 
following types of underlying lw t were 
found: generalized emphysema in ^. buHous 
emphysema in 13, asthma and bronchitis vnth 
emphysema in 8, large solitary bullae or cystic 
disease in 11, diffuse polycystic disease in 
3, small bullae, mostly apical, in 15, apical 
scars in G, leak or tear seen in 4, areas of 
"cuckoo-spit" in 4, various, such as tooth 
extraction, staphylococcus abscess, drainage 
of empyema and tuberculous pleurisy each l 
one and no cause in G. “Cuckoo-spit is 
a name given to a condition in which there is 
L ooze of air bubbles from an apparently 
normal lung surface. Thus, the cause^ of 
spontaneous pneumothorax may 
defect in either the pleura, subpleura, alveo 
or bronchi. Large cysts or bullae ^re treated 
surgically by excision or lobectomy. In other 
cases^ pleurodesis is effected. The author 
prefers to use silver nitrate. Four 
a 20 per cent solution are first apphed directly 
to the lane surface at the toe of hota- 
coscopv. Later, 5 to 10 minims of a 10 per 
cent solution are injected. This results m 
fever and effusion. There must then be 
iudicious aspiration of air and fluid. Re- 
current and Chronic Spontaneous Pneu- 
mothorax, R. C. Brock, Thorax, June, 1948, 
3: 88.— {A. G. Cohen ) 


Welder’s Slderosis.-In 1936, shadows 

were discovered in the chest X-rays of electnc- 

arc welders. These men were apparently in 
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good health. It was believed that the 
shadows probably were due to deposition of 
iron oxide. Fibrosis does not result from this . 
Since then, many electric-arc, carbon-arc 
and oxyacetylene welders have been examined 
and similar shadows were found in each group. 
In 1945, 15 of the original subjects were re- 
examined; all but 2 had continued at the same 
occupation. Of 7 whose X-rays had shown no 
abnormalities, one was suspicious and one 
showed definite changes. In 2 with sus- 
picious shadows, the changes had become 
definite. Of 6 with positive findings, 4 were 
still so, one appeared to be clearing and one 
was negative. Siderosis is one of the benign 
pneumoconioses in which dusts deposited in 
the lungs give characteristic X-ray changes 
but no disability^. These changes are not 
necessarily permanent . — Clearing of ~X.-ray 
Shadows in Welder’s Siderosis, A. T. Doig 
& A. I. McLaughlin Lancet, May 22, 1948, 
2: 789. — ( A . G. Cohen ) 

Bronchiectasis.-— In a military hospital, 211 
men and 3 women aged IS to 49 showed 
symptoms and signs resembling chronic 
bronchitis. Bronchography was performed 
for all; 46 (21 per cent) showed bronchiec- 
tasis. There was a past history of pneumonia 
in 26; in 6 there had been 2 or more attacks 
and one patient had had 4 attacks. Pleurisy 
alone had been present in 3 cases. There 
was no evidence of tuberculosis although 
suptum examinations had been made for 
about half of the cases. Four patients had 
had measles and one had pertussis. The 
most frequent previous symptom was a winter 
cough. Currently, the patients suffered 
from productive cough and dyspnea. The 
cough was aggravated by changes of tempera- 
ture and by smoking. In most cases, it was 
severe enough to cause disability’ - . The 
sputum was either white mucoid or thick 
yellow and gave no odor; about 2 to 3 ounces 
were produced in twenty four hours. Night 
sweats were present in 7 cases, loss of weight in 
2 and mild hemoptysis in 12. Examination 
showed diminished respiratory excursions in 
all cases. Clubbing of the fingers was found 


in 8 cases. Impairment of percussion note, 
poor air entry and coarse rales were common. 
The signs and symptoms were the same in 
both the bronchitis and bronchiectasis group, 
but were more frequent in the latter. The 
bronchiectases as demonstrated by bron- 
chography were cylindrical in 31, varicose in 
3 and saccular in 12. Plain chest films showed 
increased markings which were sometimes 
crowded together. More rarely there were 
localized zones of increased translucency in 
the middle or outer part of the lower lobe. 
This sign, if found, is very reliable. Other 
changes described in the literature are not 
definitive and bronchography is essential for 
diagnosis. The bronchi in unresolved pneu- 
monia may first undergo reversible mechanical 
dilation which may later be rendered ir- 
reversible by infection. The reversible state 
lasts for several months . — Bronchiectasis 
Simulating Chronic Bronchitis, J. D. H. 
Wearing, Lancet, May 29, 1948, 1: S22 . — 
(A. G. Cohen ) 

Liver Biopsy in Sarcoidosis. — Aspiration 
liver biopsies in 3 cases which presented 
clinical features suggesting a diagnosis of 
sarcoidosis showed typical noncaseating tuber- 
cles. In one case, serial sections were 
necessary. A typical lesion also was found in 
a liver biopsy from a patient presenting no 
other evidence of the disease . — Liver Biopsy 
in Sarcoidosis, J. G. Scadding & S. Sherlock; 
Thorax, June, 1948, 3: 79. — (A. G. Cohen ) 

Prophylaxis of U.R.I. — One hundred and 
forty-eight children, living in a metropolitan 
area and susceptible to various upper respira- 
tory infections, were given 50,000 units of 
buffered penicillin in tablet form before two 
meals a day for one year. The effect was 
determined by comparing the number of in- 
fections and the days of fever with those of the 
previous year and against those of 110 com- 
parable controls who received no penicillin. 
Cultures and blood levels were not determined. 
The controls showed no change in the in- 
cidence of infection or days of fever. The 
treated group showed a decrease in the 
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number of infections to 45.5 per cent of the 
previous year, and a decrease of febrile days 
to 25.3 per cent. This confirms the results of 
a previous test in which 25,000 units per day 
and influenza virus vaccine were used. Only 
three children showed any toxic reaction; 
there was no evidence of a resistant bacterial 
flora . — Prophylaxis of Upper Respiratory 
Infections in Children Treated with Oral 
Penicillin, J. H. Lapin, J. Pediat., February, 
1948, 32: 119. — (IF. H. Oatway, Jr.) 

Spontaneous Pneumothorax. — One hundred 
consecutive cases of spontaneous pneu- 
mothorax were studied. Of these, 64 were 
known to have underlying pulmonary disease. 
In 20 per cent, there was a history of unusual 
exertion prior to the episode. In 80 per cent, 
it occurred during ordinary activity. Tuber- 
culosis was noted in 3S cases, emphysema in 
5, bronchiectasis in 5. Empyema, asthma, 
abscess, carcinoma, pneumonia and infarct 
each occurred in a few. The great majority 
of the patients were males; the average age 
was 27 years. In 3 patients, there were mul- 
tiple recurrences; one other subsequently de- 
veloped spontaneous mediastinal emphysema 
and another developed tuberculosis after 4 
recurrences. Aspiration of air was necessary 
in only 3 cases; in the others bed-rest sufficed. 
In patients over 45 years of age, the ap- 
pearance of spontaneous pneumothorax should 
arouse suspicion of underlying carcinoma. — 
Spontaneous Pneumothorax, R. M. Myerson, 
New England J. Med., April 1, 1948, 238: 
461.— (A. G. Cohen) 

Pneumonectomy. — One of the chief compli- 
cations of pneumonectomy is infection of the 
site previously occupied by the lung which has 
been removed (the gap). Various methods of 
obliterating the gap, including thoracoplasty, 
have not been successful. In the case de- 
scribed, pneumoperitoneum was combined 
with Monaldi suction applied to the gap. 
The Monaldi phase must await closure of the 
bronchial fistula. With this method, the gap 
was obliterated in a few months . — Closing 
the Pneumonectomy Gap, G. S. Eedy, Lancet, 
June 12, 1948, 1: 905— {A. G. Cohen) 


Pulmonary Hydatid Disease. — The author 
reviews the treatment of 27 of his own cases 
of pulmonary hydatic cyst. The conservative 
type of operation is favored. If the lung is 
adherent to the chest wall and the cyst is not 
infected, the contents of the cyst are removed 
and the adventitia is drained. If the cyst is 
infected, the cyst space is drained following 
removal of the contents. If the lung is not 
adherent, then, in addition to the above, the 
adventitia is sutured to the chest wall and the 
pleural cavity is drained. Lobectomy may be 
necessary for ( 1 ) serious hemorrhage from the 
cyst space during a conservative operation; 
(2) residual bronchiectasis, if symptoms 
warrant it; (8) empty sac, if hemorrhage or 
infection warrant it; (4) an uncertain diag- 
nosis; and (5) giant cyst. In the author’s 
series, 23 patients were operated upon, with 
one death; 4 patients coughed up their 
cysts . — The Treatment of Pulmonary Hydatid 
Disease, M. P. Susman, Thorax, June, 1948, 
3: 71. — (A. G. Cohen) 

Aspiration of Timothy Grass. — Eight cases 
of aspiration of timothy grass heads were seen 
in patients ranging from 14 months to 14 
years of age. A definite history of aspiration 
was obtained in 5 patients; all had shown 
immediate symptoms which were sustained 
and progressive. The early symptoms, fever, 
cough and weight loss, led to a variety of 
diagnoses. The possibility of foreign body 
was suspected in only 2 cases. Among late 
symptoms, there was intermittent fever 
despite chemotherapy. Foul sputum was 
found in 6 cases, massive hemoptysis in 2, and 
weight loss in 3. Clubbing of the fingers was 
not prominent. The chest X-rays, when 
finally made, were diagnosed as pneumonitis, 
atelectasis, pneumonia or abscess. Bron- 
chiectasis was demonstrated by bronchog- 
raphy in 5 cases; in addition, multiple small 
abscesses were seen in one of these. Bron- 
choscopy was performed in 7 cases. The 
timothy head was recovered in 3 cases; it was 
not found in the other 4. In one case, com- 
plete recovery followed removal. The foreign 
body was retained from 2 to 36 months and 
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symptoms appeared 4 to 36 months prior to 
lobectomy in the others. The right lower lobe 
was resected in 6 cases and the left lower lobe 
in one. The postoperative course was un- 
eventful in all but one case in which there was 
unexplained fever for several weeks. The 
patients have been well for two months to four 
years. There were no specific pathological 
changes due to timothy per se. Three basilar 
abscesses containing timothy were found. 
Of 4 cases of classical bronchiectasis, timothy 
heads were found in the ectatic bronchi in 2; 
the stem always pointed down and the 
barbules upwards. The most striking his- 
tological change was extensive connective 
tissue proliferation about the bronchi and 
vessels with extension along the pulmonary 
septa; this was most marked in the younger 
children. In the older children, localized 
abscess formation was more prominent. — 
Bronchiectasis Following Aspiration of Timothy 
Grass, M. G. Carter & K. J. Welch, New 
England J. Med., June 10, 194S, 238: SS2. 
— (A. G. Cohen ) 

Mediastinal Bronchiogenic Cysts. — The 
vast majority of mediastinal cysts are con- 
genital in origin. Those arising from the 
respiratory system are termed bronchiogenic; 
those from the digestive tract are called gastric 
or esophogeal cysts. There is no sharp line 
of distinction. The current discussion ex- 
cludes intrapulmonary cysts. The increasing 
use of chest X-rays has revealed more than 
the rare cases formerly seen, and it now can 
also be said that they are sometimes sympto- 
matic. Symptoms usually begin in adult life, 
when the cyst has grown enough to produce 
pressure on adjacent structures. Eight cases 
are reported in this series, the literature is 
reviewed, and collected cases are analyzed. 
Bronchiogenic cysts may' be classed as para- 
tracheal, carinal, hilar, paraesophageal, or 
miscellaneous. In the absence of infection, 
symiptoms depend on the size and location of 
the mass. Symptoms, differential diagnosis, 
occurrence, and treatment are discussed. Be- 
cause of the congenital origin, one must bear 
in mind the possible presence of other 


anomalies. In the several reports during the 
past few years, a summary of surgical results 
has been difficult, due to incomplete diag- 
nosis, incomplete excision, the use of aspira- 
tion, et cetera. A posterolateral transpleural 
approach is recommended and other surgical 
suggestions are given. Of the S patients re- 
ported, 7 had an uneventful recovery, while 
the eighth recovered after the effects of peri- 
cardial manipulation and a flare-up of hyper- 
thyToidism had subsided. Surgical excision is 
usually recommended for the condition even 
though asymptomatic when first discovered. 
— Bronchiogenic Cysts of the Mediastinum, 
H. C. Maicr, Ann. Surg., March, 194S, 127: 
476.— (W. H. Oatway, Jr.) 

Treatment of Empyema. — Twenty patients 
with empymma were treated by aspiration of 
the pus and instillation of either penicillin 
alone or with other agents. Six cases were 
caused by pneumococci, 9 by streptococci, 
one by staphylococci, and the others by mis- 
cellaneous organisms. In S cases, the pus 
had a putrid odor. Cures were obtained in 
16, while 4 required surgical drainage. The 
average time of treatment was fourteen days, 
the number of aspirations 7.7 and the daily 
dose of penicillin 63,250 units, Systemic 
penicillin also was given. No chronic em- 
pyemas developed. Complete evacuation of 
the pleural fluid was done daily', followed by' 
instillation of 100,000 units of penicillin plus 
1 Gm. of streptomycin or 2 to 4 Gm. of a 
sulfonamide drug, depending upon the sensi- 
tivity' of the bacteria. This was continued 
until the cultures were sterile, during which 
time the walls of the cavity were kept apart. 
The space was then obliterated as quickly' ns 
possible by aspiration of liquid and gas every' 
other day, supplemented by' penicillin instilla- 
tion. Causes of failure were: (/) inability 
to evacuate the cavity' because of thick pus, 
(2) nonsusceptible organism, (S) inability to 
maintain antibiotic fluid in the cavity (large 
bronchopleural fistula), ( 4 ) multiple loculi and 
(5) recurrence . — The Treatment of Empyema 
With Topical and Systemic Penicillin and 
Other Antibacterial Agents, 17. E. Burned, 
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G. P. Roscinond, J. H. IlaJl & II. T. Caswell, 
Surg., Gynecol. & Obslct., July, 194S, 87: 44. 
—(A. G. Cohen ) 

Calcification in the Lungs. — A review of the 
discovery, distribution, and occurrence of cal- 
cification in the lungs has been made. A 
series of 13 Chicago children is reported whose 
chest X-rays showed calcification and whose 
tuberculin skin tests were negative. They all 
appeared normal but S had chronic cough 
and frequent respirator}' infections. Bron- 
choscopy showed a roughening of the mucosa 
in the main bronchi but bacteriologically nega- 
tive secretions. Twelve were skin-tested with 
histoplasmin, and 6 were immediately posi- 
tive . — Nonhiberculous Pulmonary Calcifica- 
tion, A. D. Biggs &■ R. G. Rigby, J. Pcdiat., 
April, 194S, 32: S9S. — (TF. H. Oatway, Jr.) 

Anomalous Left Middle Lobe. — Accessory 
lobes of the lungs arc not uncommon, the 
azygos lobe being the most frequent. The 
retrocardiac lobe at the right base is demon- 
strated radiologically in 0.5 per cent to 8 
per cent of chest X-rays. The lingula of the 
left lung is the homologue of the right middle 
lobe and a fissure separating the upper from 
an anomalous middle lobe on the left has been 
described. Sante found this occurred in one 
of 5,000 autopsies. Chest X-rays of 3 pa- 
tients showed a fine line running from the left 
hilum toward the periphery at about the level 
of the posterior end of the eighth rib. The 
editor, incidentally, mentions 2 additional 
cases of his own that show this fine fissure 
on the left . — The Anomalous Middle Lobe of 
the Left Lung, G. L. Hardman, Brit. J. 
Radiol, February 1948, 21: 70— (B. Hyde ) 

Resistance Breathing. — When dogs anes- 
thetized with nembutal were made to breathe 
against an airway resistance of 20 cm. of water 
during either inspiration or expiration, sig- 
nificant degrees of pulmonary edema, con- 
gestion, and hemorrhage were observed upon 
sacrifice at six to eight hours or at the time of 
spontaneous death. Bilateral cervical vagot- 
omy did not increase the tendency to lung 


edema under these circumstances. Pulmo- 
nary lesions after resistance breathing appear 
to depend upon multiple factors and cannot at 
present be accounted for in terms of simple 
direct effects of pressure upon the pulmonary 
tissues and vascular bed. An analysis of 
actual mechanisms awaits acquisition of addi- 
tional factual data . — Observations on the Effects 
on the Lungs of Respiratory Air Flow Resist- 
ance in Dogs with Special Reference to Vagot- 
omy, S. Zinberg, G. Nudcll, W. G. Kvbicek, 
& M. B. Visscher, Am. Heart J., May, 1948, 
35: 774. — (G. C. Leiner) 

Atelectasis in Tuberculosis. — The authors 
deal with the question of involvement of the 
peripheral bronchi in cases of so-called opaque 
lobe occurring during pneumothorax. In 26 
necropsies on cases with tension cavities the 
major bronchi to the affected area were found 
to be involved specifically in S3 per cent of 
cases. The chief changes, however, were in 
the surrounding areas of bronchopneumonia 
and in the small peripheral bronchioles. The 
bronchioles at first were infiltrated with 
plasma cells and lymphocytes; the lumens 
were flattened and later entirely obliterated. 
The course of events is depicted diagram- 
matically. In a cavity with tuberculous 
bronchopneumonia, artificial pneumothorax 
may kink the draining bronchus which is 
diseased and structurally weakened. This 
may result in a tension cavity. This, in 
turn, causes alteration of the alignment of 
diseased bronchioles in the vicinity with early 
collapse and infection of the alveoli. This 
final picture is the so-called opaque lung or 
atelectasis. — “Atelectasis” during Collapse 
Therapy for Pulmonary Tuberculosis, J. 
Cuthbert & M. N. Nagley, Tubercle, July, 
1948, 29: 154 ■ — {A. G. Cohen) 

Pulmonary Circulation. — Studies of cardiac 
output and pulmonary arterial pressure were 
performed using the venous catheter tech- 
nique in 3 normal individuals and in 8 patients 
with various types of chronic pulmonary 
disease. Measurements were made at rest 
and during exercise on a stationary bicycle. 
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Two of the 3 normal subjects showed a de- 
crease in the mean pressure in the pulmonary 
artery during exercise; all showed a marked 
drop in pulmonary vascular resistance and a 
minimal increase in the work of the right ven- 
tricle during exercise. Three of the patients 
with chronic pulmonary disease showed a 
significant elevation of pulmonary arterial 
pressure at rest, and in all S cases the mean 
pressure increased during exercise. There was 
either no change or an increase in the pul- 
monary vascular resistance during exercise, 
and the work of the right ventricle was in- 
variably higher than in the normal subjects at 
a corresponding work level. The findings in- 
dicate that the expansibility of the pulmonary 
vascular bed during exercise is limited in 
patients with chronic pulmonary disease. 
Anoxia may contribute to the elevation of 
pulmonary arterial pressure during exercise 
in those patients whose arterial oxygen satura- 
tion falls. The physiological evidence upon 
which an estimate of disability must be based 
in patients with chronic pulmonary disease is 
extended by these studies of the pulmonary 
circulation during exercise. (Authors’ sum- 
mary .) — Studies of the Pulmonary Circulation 
at Rest and during Exercise in Normal In- 
dividuals and in Patients with Chronic Pul- 
monary Disease, R. L. Riley, A. Himmelstcin, 
H. L. Motley, II. M. Weiner & A. Cournand, 
Am. J. Physiol., February 1, 194S, 1S2: 872 . — 
(G. C. Leiner) 

Pressure Breathing and Cardiac Output.— 
Three types of intermittent positive pressure 
breathing have been differentiated by the 
shape of the curve of the pressure in the mask 
and have been correlated with the changes in 
cardiac output observed in 33 experiments on 
29 human subjects. The three types of pres- 
sure curves were as follows: type I, sym- 
metrical with gradually increasing and 
decreasing slopes and expiratory and inspira- 
tory times approximately the same, and the 
final expiratory pressure above the atmos- 
pheric level; type 33, asymmetrical with the 
pressure rapidly increasing during inspiration 
and rapidly dropping during expiration, long 


inspiratory and short expiratory intervals, and 
the final expiratory pressure above the atmos- 
pheric level; and type III, asymmetrical with 
the pressure gradually increasing during 
inspiration and suddenly dropping early in 
expiration to the atmospheric level, the ex- 
piratory time equaling or exceeding the 
inspiratory. Cardiac output was decreased 
more or less in proportion to the increase in 
mean mask pressure with curves of the first 
and second types. There was no decrease in 
cardiac output with the third type of curve. 
The net filling pressure of the right ventricle 
decreased as the mask pressure rose and in- 
creased as the mask pressure fell with all types 
of curves. The mean net filling pressure of 
the right ventricle was calculated for complete 
respiratory cycles during intermittent pres- 
sure breathing and during ambient breathing. 
This mean pressure was reduced in cases 
w’here the cardiac output fell during inter- 
mittent pressure breathing. Conversely, 
when the cardiac output was increased, the 
mean net filling pressure rose. Interpreted in 
terms of variation in the stroke volume, these 
changes suggest that the deScit in cardiac 
output, which was incurred during the in- 
spiratory phase, is compensated for under the 
expiratory phase. When the pressure drop is 
rapid in expiration so that the resulting intra- 
pleural pressure is low and the right ventricu- 
lar net filling pressure high, compensation is 
complete if the expiratory time is of sufficient 
duration. The expiratory time must equal 
or exceed the inspiratory time in order that 
the number of heart beats during expiration 
may equal or exceed the number during 
inspiration. With the third type of curve, 
the time and pressure relationships permit 
complete compensation and the mean right 
ventricular net filling pressure is not decreased. 
With the first and second types, compensation 
is incomplete because the mask pressure does 
not drop rapidly with the first type. The 
expiratory’ time is too short with the second. 
Intermittent positive pressure breathing 
should provide a mask pressure curve that 
shows: (1) a gradual increase in pressure dur- 
ing inspiration, {2) a subsequent rapid drop 
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in pressure, (S) a mean mask pressure during 
the expiratory period as near the atmospheric 
level as possible, and (4) an expiratory time 
equal to or exceeding the inspiratory time. 
Adequate ventilation can be provided with 
the above type of pressure breathing in man 
with a minimal disturbance to the circulation, 
and this type would seem most desirable 
physiologically for administering artificial 
respiration . — Physiological Studies of the 
Effects of Intermittent Positive Pressure 
Breathing on Cardiac Output in Man, A. 
Coumand, H. L. Motley, L. Werho& D. IT 7 . 
Richards, Jr., Am. J. Physiol, January, 1948, 
152: 162 — (G. C. Leincr) 

Alveolar Pressure. — Measurements of the 
alveolar pressure and the simultaneous rate 
of flow of respired air in 21 human subjects 
are presented. The data for each subject 
can be described by an equation of the form 
P = KiV + K 2 V 3 , where P is the alveolar 
pressure and V is the volume rate of flow. 
The constants Ki and K 2 differ for different 
individuals. In the average subject an al- 
veolar pressure of 1.8 cm. of water is required 
to produce a flow of 500 cc. per second. 
(Authors’ summary .) — Measurement of Al- 
veolar Pressure in Human Subjects, A. B. 
Otis & D. F. Proctor, Am. J. Physiol., J anuary 
1, 1948, 152: 106— {G. C. Leiner ) 

Myocardial Metastases from Bronchogenic 
Carcinoma. — The purpose of the article is to 
correlate the occurrence of arrhythmias and 
auricular involvement in an unselected series 
of 148 cases of bronchogenic carcinoma. 
Myocardial involvement was demonstrated in 
17 cases. Of these, 11 showed arrhythmias, 
consisting of paroxysmal auricular fibrillation 
in 5, permanent auricular fibrillation in 2, 
permanent auricular flutter in 2, paroxysmal 
flutter and fibrillation in one and paroxysmal 
extrasystoles in one. There was no rheumatic 
history or postmortem evidence of rheumatic 
fever, hypertension or degenerative heart 
disease in any case. The average age was 
54.7 years in cases with arrhythmia and 44.0 
years in cases with regular rhythm. The 


primary lesion was in the left lung in 8 cases 
and in the right in 9. The left auricle was 
involved in 14 cases, the right auricle in 7, the 
left ventricle in 2 and the right ventricle in 
none. The histological type was squamous 
cell in 5 and oat-cell in 8; one each showed 
giant and spheroidal cell, oat and spheroidal 
cell and undifferentiated carcinoma. Serial 
sections of the coronary arteries were not 
made so that it cannot be stated for certain 
that arteriosclerosis was not a factor in pro- 
ducing the arrhythmia in some cases. It is 
assumed, however, that malignant invasion of 
the myocardium was at least the major factor. 
In 358 cases of nonbronchial carcinoma, 
metastases to the myocardium were found in 
19 cases. The lesion was primary in many 
organs but malignant melanoma and some 
sarcomas showed a particularly high incidence. 
None arose from the gastro-intestinal tract 
below the esophagus. Only one showed an 
arrhythmia. Thus, the incidence of myo- 
cardial metastases from bronchogenic car- 
cinoma is greater than that from all other 
sources combined . — Myocardial Metastases 
from Bronchial Carcinoma and Other Neo- 
plasms, J. E. G. Pearson, Brit. J. Tuberc., 
April, 1948, 42: 81— (A. G. Cohen) 

Action of Diaphragm in Emphysema.— The 
range of the diaphragmatic movements was 
examined under costal and abdominal pres- 
sure in 9 normal and in 34 emphysematous 
subjects. Costal pressure enabled the normal, 
but not the emphysematous subject, to lower 
the diaphragm more on maximum inspiration. 
Abdominal pressure enabled both groups to 
push the diaphragm higher up in maximum 
expiration; during quiet breathing it restricted 
the diaphragmatic movements to a mmimmn. 
In no cases did improvement of the vital 
capacity occur. Under costal pressure the 
vital capacity was always considerably re- 
duced Its reduction under abdominal pres- 
sure was much smaller. Nevertheless, 
patients who used belts for several weeks were 
found to have an increased vital capacity after 
the belts were removed . This improvement is 
due to the additional respiratory training 
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which the compression produced. — The In- 
fluence of Costal and Abdominal Pressure on 
the Action of the Diaphragm in Normal and 
Emphysematous Subjects, H. Herxheimcr, 
Thorax, June, 194S, 3: 122. — (A. G. Cohen ) 

Electrocardiogram in Pneumothorax. — 
Electrocardiographic studies were made be- 
fore and after induction of a therapeutic 
pneumothorax. Ten patients with right pneu- 
mothorax and 13 patients with left pneumo- 
thorax were examined. P-wave changes were 
not consistent in left pneumothorax; in right 
pneumothorax Pi showed a tendency towards 
decrease in amplitude, Ps showed a tendencj r 
towards increase. P-R intervals remained 
unchanged. In right pneumothorax, there 
was a tendency toward decrease of QRS in 
lead 1. There was a tendency toward a shift 
of the axis to the right, more so in right pneu- 
mothorax than in left pneumothorax. Ti 
became smaller in right and left pneumo- 
thorax. T 3 became larger in 10 of 13 cases of 
left pneumothorax; in right pneumothorax, 
T 3 showed no consistent change. In right 
pneumothorax, there were no important 
changes of the QRS complexes in the 
precordial leads. In all cases of left pneumo- 
thorax, the QRS complexes became smaller 
in two or more precordial leads; in 11 of the 
13 cases the QRS complexes became more in- 
verted in two or more precordial leads. In 
right pneumothorax there were no consistent 
precordial T-wave changes. In all cases of 
left pneumothorax the T-waves became 
smaller or inverted in two or more precordial 
leads. After resorption of the pneumothorax 
air the electrocardiographic changes disap- 
peared. There was no correlation of the 
electrocardiographic changes with the degree 
of cardiac displacement or with the presence 
or absence of adhesions. — Electrocardiographic 
Changes in Pulmonary Collapse Therapy. I. 
Artificial Pneumothorax, D. Feldman & C. 
Silvcrbcrg, Am. Heart J., May, WjS, 35: SOO. 
— (G. G. Lcincr ) 

Venous Pressure in Tuberculosis. — Ab- 
normal venous pressures have been observed 


frequently in cases of thoracoplasty, intra- 
pleural and extrapleural pneumothorax. 
Measurements of the peripheral venous pres- 
sure of 55 patients with pulmonary tubercu- 
losis confirm earlier reports that pressure 
changes are inconstant, often transient, and 
usually present only on the side of the more 
extensive disease or of the collapse. Among 
the patients were 30 who were dyspneic at 
rest but in whom clinical and roeutgenographic 
evidence of right heart failure was absent or 
questionable. In such patients, venous pres- 
sure determinations offer valuable help in 
detecting early right heart failure. Collapse 
therapy does not interfere because it produces 
a unilateral increase in the venous pressure. 
The presence of the hepatojugular reflux 
phenomenon of Pasteur and Rondot is further 
evidence of heart failure; it is not produced by 
collapse therapy. — The Relationship of Periph- 
eral Fenous Pressures to Pulmonary Tuber- 
culosis, A. Paley & M. M. Alexander, A. J. 
M. Sc., February, 194S, 215: 189. — (G. F. 
Mitchell ) 

Pneumopericardium from Pneumothorax. — 
In 2 cases receiving artificial pneumothorax 
for pulmonary tuberculosis, pneumopericar- 
dium appeared. The pneumothorax was on 
the right in one and on the left in the other. 
The pneumopericardium rapidly absorbed 
following abandonment of the pneumothorax. 
It is felt that the underlying mechanism is a 
congenital pleuropericardial defect. — Pneu- 
mopericardium Complicating Pneumothorax 
Therapy, P. Ellman & K. K. Hussain, 
Thorax, September, 194S, 3: 129. — (A. G. 
Cohen ) 

Prognosis of Cavitary Tuberculosis. — Posi- 
tive sputum is regarded as the criterion of the 
presence of a cavity. The fate, after 20 
years, of 1,233 unselected patients with posi- 
tive sputum was investigated. There was 
found to have been improvement in the 
number of patients surviving three and five 
years from 1934, 1935 and 193G onward. 
There was also improvement in the eight year 
survival period during 1937 to 1939. Tins 
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improvement was due to the various advances 
in treatment and care that have taken place. 
There was insignificant improvement in the 
ten year survival period. These studies indi- 
cate that the greatest care must be used in 
evaluating the apparent efficacy of any new 
type of treatment. — The Fate of the Ttiber- 
culous Cavity, B. Mann, Tubercle, June, 1948, 
29: 131: — (A. G. Cohen ) 

Therapeutic Pneumoperitoneum. — Seventy- 
four patients with pulmonary tuberculosis 
were treated by phrenic crush supplemented 
by pneumoperitoneum. The treatment was 
used in cases falling into several categories. 
As a supplement to a partially effective pneu- 
mothorax, it was successful in 3 and partly 
successful in one of S cases. The good re- 
sults were obtained chiefly with basal or mid- 
zonal cavities. As the sole definitive measure, 
it was successful in 14 and partly successful 
in 4 of 35 cases. The good results were ob- 
tained chiefly with exudative disease, infil- 
trations without cavitation, and cavities with 
no significant fibrosis. As a preparation for 
major surgical procedures, both on the homo- 
lateral and contralateral sides, it was effective 
in accomplishing the limited objective in 16 
of 19 and 5 of S cases, respectively. It failed 
in all 4 cases of far advanced disease. The 
chief complications were effusion in 4 cases, 
including one of fatal peritonitis, and a non- 
fatal air embolism in one case. The patients 
experienced very little discomfort. The pneu- 
moperitoneum was maintained as long as 
pneumothorax would have been in the same 
case. — Pneumoperitoneum: Its Place in Treat- 
ment, R. J. Keens, Brit. J. Tuberc., July, 
1948, 42: 58.— (A. G. Cohen) 

Absorption of Pneumoperitoneum. — The 
rate of absorption of pneumoperitoneum was 
studied in 33 cases of pulmonary tuberculosis. 
The pneumoperitonea were classified arbi- 
trarily as full, moderate and shallow. The 
average time required for absorption was eight 
weeks in the full, five and a half weeks in the 
moderate and two and a half weeks in the 
shallow. The rate of absorption of air was 


not affected by exercise, duration of the 
pneumoperitoneum or the presence of fluid. 
Ex-vacuo effusions did not develop. — The 
Absorption of Pneumoperitoneum, W. Fox, 
Thorax, September, 1948, 3: 141. — (A. G. 
Cohen) 

Extrapleural Pneumothorax. — Extrapleural 
pneumothorax was employed in 128 patients 
with pulmonary tuberculosis. All but 5 
patients were followed for at least five years 
or until death. Fifty-six (44 per cent) were 
dead, 58 (45 per cent) were alive and well 
while 14 (11 per cent) were alive but with 
symptoms. In 28 cases the extrapleural 
pneumothorax was used with an intrapleural 
pneumothorax on the same side (“combined” 
operation). In the other 100 cases, the extra- 
pleural operation alone was done (“standard” 
operation). The mortalitj r was 14 per cent 
in the “standard” and 21 per cent in the 
“combined” group. Tuberculous infection 
of the extrapleural space was detected in 13 
per cent of the “standard” and 2S per cent of 
the “combined” group. Other frequent com- 
plications were nontuberculous infection of 
the space, bronchopleural fistula, hemorrhage, 
atelectasis and effusion. Very few late com- 
plications were seen in cases where a satis- 
factory pneumothorax had been obtained. 
In 27 of the 33 cases in which the pneumo- 
thorax was voluntarily abandoned after an 
average period of five years, there were no 
relapses or complications. Factors leading to 
a successful outcome of the operation were 
(1) a short period of symptoms, (£) a small 
cavity which was not obviously subpleural, 
and (S) minimal disease in the contralateral 
lung. — Extrapleural Pneumothorax, A. T. M. 
Roberts, Thorax, September, 1948, 3: 166 . — 
(A. G. Cohen ) 

Open Intrapleural Pneumonolysis — In 13 
cases of pulmonary tuberculosis receiving 
pneumothorax, adhesions were severed by an 
open operation. In each case, a closed pneu- 
monolysis had been attempted previously. 
The advantages of salvaging an ineffective 
pneumothorax are obvious. The disadvan- 
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to 33° JC . — A New ’Mycobacterial Infection 
in Man: I. Clinical Aspects, P. MacCallum; 
II. Experimental Investigations in Ijiboratory 
Animals , J. C. Tolhursl cfc G. Buckle; III. 
Pathology of the Experimental Lesions in the 
Pat, II. A. Sissons; IV. Cultivation of the 
New Mycobacterium, G. Buckle & J. C. 
Tolhurst, J. Path. A: Bacl., January, 19/, S, 
60: 95. — (II. J. Henderson) 

Spontaneous Pneumothorax. — In 1913 the 
United States Army had S73 hospital admis- 
sions for simple benigu spontaneous pneumo- 
thorax. It has become apparent in recent 
years that tliis type of pneumothorax is rela- 
tively common, especially in healthy young 
adult males. Pleural fluid is slight, fever is 
uncommon, and uncomplicated re-expansion 
is the rule. Sixtv-threo cases arc reported in 
detail. Half of the patients were between 20 
and 30 years of age; the ratio of males to fe- 
males was 5 to 1. In 70 per cent the time 
required for re-expansion was seven weeks or 
less but, in any particular patient, it was diffi- 
cult to predict the time which would be re- 
quired. In only 3 per cent physical exertion 
preceded the onset of the pneumothorax. 
Chest pain occurred in all and subsided in a 
few days. Dyspnea was present in S3 per 
cent; 5 patients were slightly cyanotic at the 
onset. Four patients had no pleural fluid; 
two had fluid above the diaphragm and in 
both cases gross blood was aspirated. No 
patient had pleural adhesions demonstrable 
on chest X-ray, in sharp contrast to patients 
with active pulmonary tuberculosis. The 
sedimentation rate was normal in 73 per cent 
and slightly elevated in 27 per cent of the 
cases. Of those who had white blood counts 
on admission, 70 per cent were normal and 
the others showed only slight elevation. 
Most patients were afebrile but two had 
fever for more than one week. They both had 
thrombophlebitis. Recurrences occurred in 
19 per cent, usually on the same side, but the 
prognosis was excellent . — Benign Idiopathic 
Spontaneous Pneumothorax, A Review of 
Sixly-thrce Cases— B. Hyde & L. Hyde, 


Am. J. M. Sc., April, 19/,8, 215: /,27.—(G. 
F. Mitchell) 

Spontaneous Mediastinal Emphysema. — 
A 23 year old man developed pain in the left 
chest which radiated to the left shoulder and 
left arm. He became dizzy, nauseated and 
went into shock. Auscultation revealed a 
crunching sound over the heart during systole 
and diastole. The diagnosis of acute myo- 
cardial infarction was made. A chest roent- 
genogram (posteroanterior view) taken a few 
days later showed no abnormality. A few 
weeks later the patient developed similar 
signs and symptoms. A lateral chest roent- 
genogram revealed an area of increased trans- 
luccncy anterior to the heart. The diagnosis 
of recurrent spontaneous mediastinal emphy- 
sema was made . — Recurrent Spontaneous Me- 
diastinal Emphysema Simulating Myocardial 
Infardion, P. C. Pellegrino & E. N. Silbcr, 
Am. Heart J., September, 194S, 36: /,/,?. — 
(G. C. Ijdncr) 

Suppurative Bronchopneumonia. — The 
authors saw approximately 3,500 cases of 
pneumonia at a naval hospital during the win- 
ter and spring of 19-14-1915. Seven cases of 
bronchopneumonia were characterized by 
parenchymal suppuration and necrosis with 
cavity formation nnd are reported in some 
detail. Other investigators have reported an 
equal incidence in the sexes and an occurrence 
in all age groups, but there appears to be a 
preponderant frequency' in children and young 
adults. In 4 of the authors’ cases, a pure cul- 
ture of beta hemolytic streptococcus was 
found; in the other 3 no pathogenic organisms 
were identified. The clinical symptoms of 
suppurative bronchopneumonia are fever, 
cough and expectoration of purulent sputum, 
with a frequent history of antecedent upper 
respiratory' tract infection. Pleuritic pain is 
common. There are 4 clinical types of 
suppurative bronchopneumonia: ( 1 ) An or- 
dinary bronchopneumonia except for the 
roentgenographic demonstration of a cavity. 
Recovery is usually uneventful. (2) A more 
severe, protracted disease which tends to 
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giving permanent relief. ' Kelly was able to 
relieve pain in both acute pleuritis and fibro- 
myositis in this manner. Dybdahl relieved 
pleuritic pain by spraying ethyl chloride on 
the skin over the painful area. The authors 
report success with this method also, the 
spray being used for twenty to thirty seconds. 
These results may be explained by the so- 
called “chain” effect of muscle spasm de- 
scribed by Payr. Pain originating anywhere 
in the “chain” leads to painful muscle spasm 
and the pain of spasm induces still more spasm 
and pain. Thus, if the chain is broken at any 
point, the spasm is relieved. Tiie relief of 
painful muscle spasm by the use of erythrio- 
dine in anterior poliomyelitis and the relief of 
painful muscle spasm by curare has been 
repeatedly demonstrated. Thus, much of the 
pain of pleuritis may be due to painful spasm 
of the intercostal muscles which perpetuates 
itself in a vicious cycle of spasm, pain and more 
spasm. Relief by any method seems to de- 
pend upon interruption of the cycle at some 
point. — Pleuritic Pain: Use of Intravenous 
Calcium Gluconate in Its Relief, I. L. Bcnnctl 
& TF. Lathcm, Am. J. M. Sc., April, 19/,S, 
215: 4S1. — (G. F. Mitchell ) 

Boeck’s Sarcoid. — This report is derived 
from the study of 7 cases of Boeck’s Sarcoid, 
including one death and autopsy. All the 
patients were young adults and 4 were Negroes. 
Five patients had widened hilar shadows on 
roentgenograms. Tuberculin tests were done 
on 6 patients and were negative in all. The 
sedimentation rate was elevated in 5 and re- 
mained so for prolonged periods; this test may 
measure the activity of the disease. In the 
2 patients on whom serum protein determina- 
tions were carried out, the globulin fraction 
was above normal. Final diagnosis depends 
upon histological study of a biopsy specimen, 
usually an enlarged peripheral lymph node. 
Several biopsies may be necessary. In one 
patient, the diagnosis was established by 
biopsy of a nodule in the biceps muscle. 
One patient died suddenly at a time when he 
appeared to be improving and was symptom 
free. The striking postmortem finding in 


tliis man was extensive sarcoid infiltration of 
the myocardium. He had maintained a 
pulse rate of 90 to 120 even when afebrile. 
In retrospect, the authors feel that persistent 
tachycardia should arouse suspicion of myo- 
cardial involvement in Boeck’s sarcoid. One 
other patient with persistent tachycardia 
manifested electrocardiographic findings in- 
dicative of myocardial damage. — Boeck’s 
Sarcoid: Observations of Seven Patients, One 
Autopsy, G. S. Bates & J. M. Walsh, Ann. 
Ini. Med., August, 194S, 29: S06. — (II. R. 
Naycr) 

Histoplasmosis and Torulosis of Adrenals. 
— Tuberculosis has long been recognized as 
the most frequent infectious cause of adrenal 
insufficiency though other organisms may 
produce the same signs and symptoms. De- 
spite their relative infrequency, fungus dis- 
eases, especially histoplasmosis and torulosis, 
should be kept in mind in the differential 
diagnosis. All the available cases of adrenal 
involvement by histoplasmosis and torulosis 
arc reviewed. In nil, 19 cases of involvement 
due to Ilistoplasma capsulatum have been 
reported. Some sjmptoms of adrenal insuffi- 
ciency are reported but for the most part they 
are masked by complaints referable to other 
organs. Autopsy showed marked enlarge- 
ment and parenchymal replacement by yel- 
lowish-gray fibrocaseous tissue containing the 
causative organism. Only S cases of adrenal 
insufficiency due to Torula histolytica have 
been reported. Two new cases, one of 
histoplasmosis and one of torulosis are re- 
ported by the authors. The symptoms of 
adrenal insufficiency were recognized in one 
of the cases prior to death. As in tuberculosis, 
the ratio of cases of adrenal failure due to 
histoplasmosis is 2 males to 1 female; 76 per 
cent of the histoplasmosis cases and only 28 
per cent of adrenal torulosis cases showed 
caseation. The authors suggest that the 
caseous reaction may be an allergic one. — 
Histoplasmosis and Torulosis as Causes of 
Adrenal Insufficiency, A. J. Rawson, L. H. 
Collins, & J. L. Grant, Am. J. Med., April, 
194S, 215: S6S. — (G. F. Mitchell ) 
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Arterio-venous Aneurysm of the Lung. — 
Two cases of arterio-venous aneurysm of the 
lung are reported, making a total of 25 cases 
on record. The outstanding feature is cyano- 
sis. Dyspnea appears later and is progressive. 
It is probably due to stimulation of the respira- 
tory center by the high carbon dioxide content 
of the arterial blood and not to cardiac failure. 
Cerebral anoxemia is responsible for the 
transient attacks of vertigo, faintness or con- 
vulsions which may occur. Pulmonary hem- 
orrhage is frequent; capillary hemangiomata 
of the skin and mucous membranes are 
seen often. Clubbing of the fingers is com- 
mon; hypertrophic osteoarthropathy is rare. 
There are no abnormal cardiac findings; 
blood pressure readings are normal. A mur- 
mur over the tumor is heard in about half of 
the cases. Secondary polycythemia and 
greatly diminished oxygen saturation of the 
arterial blood is characteristic. An opaque 
shadow representing the tumor is seen in the 
lung and may be connected to the hilus by 
vessels. It may decrease in size with Val- 
salva’s experiment or increase in size when the 
patient attempts forced inspiration with 
mouth and nose closed. The lesion is a 
developmental malformation. The treatment 
is surgical removal by local excision, pneu- 
monectomy or lobectomyx — Arterio-venous 
Aneurysm of (he Lung, C. G. Barnes, L. 
Fatli & D. M. Pryce, Thorax, September, 
194S, 3: 14S.-— (A. G. Cohen ) 

Lobar Adenocarcinoma. — The autopsy' find- 
ings in 2 cases with extensive pneumonic con- 
solidations are presented. In a 31 y'ear old 
woman, diffuse adenocarcinoma of the right 
lung, with metastases to the left lung, liilar 
lymph nodes, adrenal gland and kidney was 
found. In a 73 year old woman the autopsy' 
revealed diffuse adenocarcinoma of the right 
lung, with metastases to the left lung, hilar 
lymph nodes, adrenal glands and liver. No 
distinct point of origin of the tumors was 
found. The following conclusions are made: 
“(f) The growths are primary' in the lung, 
but metastases from a latent primary glandu- 
lar focus outside the lung should be carefully 


excluded. (2) They' arise from the mucosa of 
the bronchial tree beyond the larger bronchi, 
the point of origin being obscured by’ the ex- 
tensive growth involvement. (5) A source of 
origin from pre-existing epithelized alveoli 
cannot be proved. ( 4 ) A multicentric origin 
cannot be established. (5) To date there is 
no proved relationship between diffuse adeno- 
carcinoma of the lung and pulmonary adeno- 
matosis .” — Lobar Adenocarcinoma of the Lung 
Simulating Pneumonia. Report of Two Cases, 
G. Silverman & A. Angrisl, Arch. Int. Med., 
March, 1948, 81: SG9.—(G. C. Lcincr) 

Homer’s Syndrome from Osteochondroma. 
— Horner’s Syndrome may' be produced by 
any type of apical lung tumor but is most 
commonly' associated with malignant neo- 
plasms. The author reports the case history' 
of a 34 year old woman in whom the syndrome 
had been present for twenty' years. Inter- 
mittent gnawing pain in the left arm had been 
present since the age of seven. Chest X-ray 
revealed a left apical mass with irregular 
calcification nnd a clearly demarcated outer 
margin. A hard bony' mass was palpable in 
the left supraclavicular fossa. At operation 
the tumor mass was found to arise from the 
first rib and was completely removed. The 
pathological diagnosis was osteochondroma. 
Eight months after removal, there was evi- 
dence of some regeneration of the sympa- 
thetic fibers. Horner’s Syndrome produced 
by' osteochondroma of left first rib is an ex- 
tremely rare finding. — Horner's Syndrome 
Due to An Osteochondroma of the First Rib, 

J. F. Simpson, Canad. M. A. J., Avgust, 
1948, 59: 1 52.— ( 77. R. Naycr ) 

Roentgenography of the Diaphragm. — 
The diaphragm, both anatomically and physi- 
ologically, is a vulnerable structure, being 
readily' involved by pathological changes 
arising from above and below or from in- 
herent weaknesses of the structure itself. 
Roentgenogmphic studies have paid the great- 
est attention to the anteroposterior projection, 
although the surface of the diaphragm is not 
horizontal throughout. Each leaf lias the 
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shape of a dome, the highest point being me- 
dial and anterior with a downward slope in the 
lateral and backward extensions, so that only 
the surface of the highest level can be seen 
in an anteroposterior view. One-third to 
one-half of the diaphragm lies behind the 
heart and is not seen at all. Thus, for a satis- 
factory roentgenographic examination of the 
entire diaphragm, a lateral as well as a frontal 
view is essential. This technique has been 
used successfully for many years and the 
authors have demonstrated many abnormal 
conditions which were hardly suspected in the 
customary frontal projections. The dia- 
phragm, being in intimate contact with the 
underlying structures, cannot be seen by itself, 
but the presence of free air within the abdo- 
men enables one to see it elevated, giving a 
more accurate picture of its position, contour, 
and thickness. A study of 8 cases showed 
that the fundamental roentgenographic tech- 
nique of making two projections at right angles 
to one another should be applied to the dia- 
phragm to demonstrate satisfactorily its com- 
plete topography. It has made possible the 
recognition and localization (with or without 
the aid of barium suspension) of herniation 
through any part of the diaphragm; the dif- 
ferentiation of lesions not seen in the anterior 
projection; demonstration of elevation of the 
diaphragm, in whole or in part, often sug- 
gestive of intra-abdominal tumors; and finally, 
the most practical application of all, the diag- 
nosis of subphrenic abscess. This is indicated 
by elevation of the diaphragm and oblitera- 
tion of the posterior costophrenic angle pro- 
ducing the “plateau sign of subphrenic ab- 
scess.” — The Diaphragm, S. Brown & A. 
Fine, Radiology, February, 1948, 50: 157. 
— (G. F. Mitchell) 

Pleural Fluid Simulating Elevated Dia- 
phragm. — The author presents 5 cases in 
which pleural fluid at the lung base closely 
simulated elevation of the diaphragm, in 2 
instances on the right and in 3 on the left. 
The roentgenographic appearance of the fluid 
must be distinguished from subphrenic dis- 
ease (inflammatory or neoplastic), paralysis 


of the diaphragm, atelectasis, eventration of 
the diaphragm, and intrapleural or intra- 
pulmonary neoplastic disease. It is most 
difficult to differentiate between the collec- 
tion of fluid and a subphrenic disease produc- 
ing a progressive elevation of the diaphragm. 
The patients often have fever and vague symp- 
toms which are of little help in localizing the 
process. The signs on physical examination 
may be identical in the two conditions. 
Fluoroscopy, lateral decubitus roentgeno- 
grams, pleural tap, demonstration of the 
stomach bubble, wdiich may be accentuated 
by giving the patient a carbonated drink prior 
to examination, and pneumoperitoneum are 
suggested as useful procedures in differential 
diagnosis. Among the factors leading to the 
production of basal fluid accumulations, 
fibrinoplastic adherence of visceral and pari- 
etal layers of the pleura is believed to be of 
major importance. — Basal Pleural Fluid Ac- 
cumulations Resembling Elevated Diaphragms, 
D. B. Jones, Radiology, February, 1948, 50: 
227— (G. F. Mitchell) 

Pleural Fluid Simulating Elevated Dia- 
phragm. — The authors present a typical ex- 
ample of an infrapulmonary effusion mas- 
querading as an elevated diaphragm. A 27 
year old white female with bilateral pulmonary 
tuberculosis complained of pain in the right 
lower portion of the chest and became slightly 
febrile. Fluoroscopy revealed an elevated, 
arched right diaphragmatic leaf which moved 
over only one interspace. The costophrenic 
angle was clear and no free fluid was detected. 
Roentgenograms confirmed these findings. 
The lower half of the right side of the chest 
was dull to percussion, with decreased or ab- 
sent breath sounds. Diagnostic pneumo- 
peritoneum was initiated and demonstrated 
an infrapulmonary effusion. An anteropos- 
terior roentgenogram of the chest in the right 
decubitus position revealed a well defined 
fluid level in the costal gutter, some of the 
fluid remaining in the infrapulmonary space 
at the end of five minutes. Diagnostic thora- 
centesis revealed a clear amber fluid which 
contained no acid-fast bacilli. — Infrapidmo- 
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can also develop from pathogenic tubercle 
bacilli, its significance in the chemotherapy 
of tuberculosis is evident . — A Variant of 
Mycobacterium Ranae Requiring Streptomycin 
for Growth, D. Yegian & F. Budd, J. Bad., 
April, 1948, 55: 459.— (F. G. Petrik ) 

Effect of Fluoride on Mycobacteria. — Re- 
cently Davis and Dubos have shown that 
fluoride, in concentrations that do not affect 
the growth of M. tuberculosis H37RV, in- 
hibits the action of lipase on “Tween SO.” 
The present study deals with the effects of the 
fluoride ion on the metabolism of certain 
mycobacteria. Most of the experiments were 
done with a rapidly growing BCG strain of 
M. tubercidosis (ATC S240). Similar effects 
were, however, obtained with M. tuberculosis 
(ATC 607) and the strain H37RV. The re- 
sults showed that the oxygen uptake of washed 
suspensions of the BCG strain is greatly in- 
creased by sodium fluoride and that the 
amount of increase depends on the relative 
concentrations of fluoride and bacteria as 
well as upon the hydrogen ion concentration. 
The effect is greatest at pH 6.0, intermediate 
at pH 6.7, and least at pH 7.8 . — The Effcd 
of Sodium Fluoride on the Metabolism of 
Certain Mycobacteria, R. J. Fitzgerald & 
F. Bemheim, J. Bad., May, 1948, 55: 677 . — 
(F. G. Petrik.) 

Penicillin and Growth of Mycobacterium. — 
The effect of penicillin on the growth of M. 
tuberculosis was studied using four strains 
from active human cases in addition to stand- 
ard laboratory strains of human, bovine and 
avian type. Crystalline penicillin G sodium 
(Merck) was used in a culture medium pre- 
pared according to the formula of Dubos and 
Dales. Human, bovine and avian types of 
M. tuberculosis were inhibited by concentra- 
tions of penicillin varying from 1 to more 
than 200 units per ml. depending on the size 
of the inoculum. Among the human strains, 
no marked difference in sensitivity was ob- 
served between a standard laboratory strain 
(H37RV) and strains recently isolated. The 
strains of bovine and avian type were more 


sensitive to penicillin than human ones.— 
The Effect of Penicillin on the Growth of 
Mycobacterium Tuberculosis in Dubos Me- 
dium. M. Solotorovsky, E. J. Bugie & B. 
M. Frost, J. Bad., April, 1948, 55: 555 . — 
(F. G. Petrik.) 

Desensitization and Tuberculin Cytotoxic- 
ity. — Tuberculin (OT) caused specific sup- 
pression of the initial migration of leucocytes 
from splenic explants of tuberculous guinea 
pigs. This suppression w r as markedly re- 
duced by specific desensitization. This find- 
ing indicates that the cydotoxic effect of tuber- 
culin on tissue explants of tuberculin-sensitive 
animals is the result of the interaction of a 
sessile antibody with specific antigen. — 
Tubercidin Rcadion. II. Cytotoxicity of Tu- 
berculin for Splenic Explants of Desensitized 
Tubcrcidmts Guinea Pigs, IF. F. Kirch- 
heimer & R. S. Weiser, Proc. Soc. Exper. 
Biol. & Med., June, 1948, 68: 407. — (F. B. 
Seibert) 

Synthetic Phthioic Acid. — Certain synthetic 
fatty acid produced necrosis, abscess formation 
and foam cell nodules in the omentum, lymph 
glands and spleen when injected into the peri- 
toneal cavity of the guinea pig. Naturally 
occurring phthioic acid produced the same re- 
action. — The Pathogenic Effect of Phthioic 
Acid and its Synthetic Analogues, J. Unger, 
C. E. Coulthard & L. Dickinson, Brit. J. 
Exper. Path., August, 1948, 29: 822. — (H. J. 
Henderson) 

Enzyme Inhibition by Streptomycin. — Ben- 
zoic acid is oxidized by an adaptive enzyme in 
certain Mycobaderia. Streptomycin inhibits 
this oxidation probably by inliibition of the 
formation of this enzyme. Mycobaderium lac- 
ticola, which oxidizes p-hydroxybenzoic as 
well as benzoic acid itself, was shown to have 
its ability to oxidize p-hydroxybenzoic acid 
less inhibited by streptomycin, if it had pre- 
viously been grown in a medium containing 60 
mg. per cent of p-hydroxy r benzoate. Growth 
in benzoic acid increases to a small extent the 
amount of adaptive enzyme for p-hydroxy- 
benzoic acid and growth in this latter acid has 
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a somewhat greater effect on the amount of 
adaptive enzyme for benzoic acid. It is clear 
that the two acids are oxidized by separate 
enzymes. Experiments were made with 
Mycobacterium tuberculosis BCG to determine 
the amount of benzoic acid required by the 
cell suspension to produce a measurable 
amount of adaptive enzyme and the time of 
exposure necessary for the effect to occur. 
Maximum inhibition by streptomycin occurs 
if it is added to the bacilli ninety minutes be- 
fore the benzoate. The authors, however, 
have not been able so far to demonstrate 
adaptive enzyme formation in virulent Myco- 
bacteria which are sensitive to streptomycin. — 
The Inhibition by Streptomycin of Adaptive 
Enzyme Formation in Mycobacteria, R. J. 
Fitzergcrald, F. Bemheim, dc D. B. Fitz- 
gerald, J. Biol. Chem., Avgust, 1948, 17 5: 
195. — (F. B. Seibert) 

Chemical Determination of Streptomycin. — 
Afluorometric method, based on the formation 
of a fluorescent hydrazone, for the determina- 
tion of streptomycin in urine and tissue was 
described. The lower limit of sensitivity was 
2 y per ml. of urine and of tissue. Data on 
the analytical recoveries of streptomycin 
added to urine and to lung, liver, brain, heart, 
and spleen are presented. The utility of the 
method for the determination of streptomycin 
in urine and tissues following parenteral ad- 
ministration has been demonstrated . — A 
Chemical Determination of Streptomycin in 
Body Tissues and Urine. V. C. J clinch & 

E. Boxer, J. Biol. Chem., Avgust, 1948, 
175: 867. — (F. B. Seibert ) 

Effect of Streptomycin and PAS on Tuber- 
cle Bacilli. — The growth of tubercle bacilli 
(H37RV) on Dubos medium is inhibited by 
0.74 y per cc. of streptomycin or by 1.2 y of 
para-aminosalicylic acid (PAS). A moder- 
ately inhibiting concentration of either 
streptomycin or of PAS when combined with 
a completely noninhibiting concentration of 
the other drug produces a marked enhance- 
ment of inhibition of the growth in vitro of 
II37RV. In vitro growth of a resistant strain 


of human tubercle bacilli (H37RVNR1) is 
inhibited by 1.2 y per cc. of PAS, and this 
inhibition is not enhanced by the addition of 
streptomycin . — In vitro Effect of Streptomycin 
and Para-Aminosalicylic Acid ( PAS) on the 
Growth of Tubercle Bacilli, K. Vcnncsland, 
R. H. Ebert dc R. G. Bloch, Proc. Soc. Exper. 
Biol. <fc Med., June, 1948, 6S: S50.—(F. B. 
Seibert) 

Streptomycin for Bone Tuberculosis. — Six- 
teen patients with tuberculosis of tho bones 
and joints have been treated with strepto- 
mycin. Nineteen joints were involved. 
Sinuses were present in 4 patients. The 
period of observation following discontinua- 
tion of streptomycin therapy varied from one 
to eighteen months. In addition to strepto- 
mycin therapy, other forms of treatment were 
carried out whenever indicated. Response to 
streptomycin was favorable in 9 patients and 
fair in one patient. Four patients showed no 
benefit while treatment was too recent to per- 
mit valid conclusions in 2 patients. The daily 
administration of 1 Gm. of streptomycin for 
ninety days is considered a satisfactory course 
of treatment . — Streptomycin in Tuberculosis of 
Bone and Joint, TF. II. Bichcl, II. II. Young, 
K. II. Pfuclzc <£• T. Norlcy, J.A.M.A . , June 
19, 1948, 137: 682.— (H. Abelcs ) 

Streptomycin for Pulmonary Tuberculosis. — 
The authors outline some tentative clinical 
interpretations with regard to the use of strep- 
tomycin in pulmonary tuberculosis. Con- 
clusions arc based on their own experience and 
on direct knowledge of the work of others. 

In acute febrile tuberculosis, symptomatic 
response is often striking and may occur within 
three to four days, much before any changes in 
the specific lesions can be noted. Local symp- 
toms, such as the pain of tuberculous laryn- 
gitis, cough or urinary symptoms may subside 
rapidly. Acute tuberculous lesions in the lung 
and larynx may show accelerated resolution 
under the influence of (he antibiotic which 
suppresses bacterial growth before caseous 
necrosis has set in. Although complete Hear- 
ing roentgcnographicnily may occur, the likeli- 
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hood of persistent minute caseous foci must 
be assumed. Resolution of acute pulmonary 
lesions may proceed for several months after 
completion of a course of streptomycin. The 
presence of caseation limits, to a large extent, 
the response to streptomycin. In extensive 
caseous lesions, there may be early sympto- 
matic response but little objective evidence 
of resolution and early relapse is common. 
The frequent finding of a caseous cerebral 
focus in tuberculous meningitis probably ex- 
plains the high incidence of relapse and the 
fatality rate (approximately SO per cent) after 
initial improvement. Definitive arrest of the 
tuberculosis still depends primarily on the 
slow healing and fibrosis of caseous disease. 
In spite of immediate favorable effects, strep- 
tomycin has, therefore, not shortened the 
time required for ultimate healing. Strepto- 
mycin may aid in restoring a favorable balance 
but the natural resistance of the patient re- 
mains of great importance. The greatest 
benefit from the drug may be obtained when 
it is employed in association with rigid rest. 
The partial improvement obtained with 
streptomycin may render surgical measures 
possible in previously hopeless cases. Drug- 
resistant bacilli appear within four weeks and 
are found in 70 per cent or more of patients 
within three to four months. Resistance ap- 
pears to be more directly related to the dura- 
tion of treatment than to the daily dosage. 
The authors’ experience indicates that treat- 
ment for a period of six weeks with doses of 1 
to 2 Gm. daily may bo as effective as longer 
periods. Under the six -week regimen, drug- 
resistance appeared in 25 to 30 per cent of the 
patients; the drug is, therefore, effective in 
the majority of these patients if further treat- 
ment is needed. In 12 of IS patients, the 
authors observed complete loss of labyrinthine 
function when a dosage of 2 Gm. a day for six 
weeks was employed. Administration of 1 
Gm. a day for six weeks did not destroy 
vestibular function although there was oc- 
casional partial impairment. In cases of gen- 
eralized hematogenous tuberculosis and tuber- 
culous meningitis, where the fatality rate is 
very high, treatment should be carried out 


for ninety days in daily doses of 40 mg. per 
kg. of body weight, and the disadvantages 
of drug toxicity and bacterial resistance should 
be ignored. In meningitis, 50 mg. of the drug 
should be given intrathecally at twenty-four 
to seventy-two hour intervals during the 
ninety days. The value of concomitant ad- 
ministration of the sulfones and para-amino- 
salicylic acid requires further evaluation. In 
every patient in whom the use of strepto- 
mycin is contemplated, careful consideration 
should be given to possibility of more critical 
future episodes. In milder cases it may be 
wise to administer the drug only for short 
periods or to withhold it entirely for the time 
when it may be needed most urgently. — Strep- 
tomycin in the Treatment of Tuberculosis , J. B. 
Amberson & W. H. Stearns, Ann. Int. Med., 
August, 1948, 29: 221. — (H. R. Naycr ) 

Superinfections during Antibiotic Therapy. 
— Two patients with pneumococcic pneumonia 
were given penicillin therapy dining the course 
of which new infections due to gram-negative 
bacilli appeared. Both patients responded to 
streptomycin therapy. The mechanism by 
which the new infection occurs is not clear but 
it may be due to a disturbance in the degree of 
bacterial antagonism which is normally 
present. The importance of frequent bac- 
teriologic examinations before and during 
treatment with an antibiotic is stressed. It is 
not advisable to start treatment with a com- 
bination of penicillin and streptomycin. — 
Occurrence of Supcrinfcclions during Anti- 
biotic Therapy, E. Appclbaum & IF. A. Lcff, 
J. A. M. A., September 11, 1948, 138: 119.— 
( H . Abclcs) 

Streptomycin in Pregnancy. — Two patients, 
both in the second trimester of pregnancy, 
were treated with streptomycin. One patient 
had tuberculosis of the urinary' tract and the 
other had far advanced pulmonary' tuber- 
culosis. Both patients gave birth to normal 
infants without neural defects. The placenta 
was normal in both cases. — Streptomycin 
Therapy, Effects on Fetus, E. II. IFotson &. 



24 


ABSTRACTS 


R. M. Stow, J. A. M. A., Avgust 28, 1948, 
37: 1599.— (H. Abdes) 

Chemotherapy for Pulmonary Infections. — 
The number of postoperative pulmonary in- 
fections following major abdominal and 
thoracic procedures was greatly reduced by 
inhalation of relatively small doses of 
micronized penicillin or streptomycin mixtures 
during the operative and postoperative period. 
— Prevention of Postoperative Pulmonary In- 
fections, Inhalation of Micropoivdcrcd Peni- 
cillin and Streptomycin, G. V. Taplin, S. H. 
Cohen & E. B. Mahoney, J. A. M. A., Septem- 
ber 4, 1948, 138: 4—(H. Abcles) 

Sulphetrone for Tuberculosis. — Sulphetrone 
was administered to patients with pulmonary 
tuberculosis considered unsuitable for other 
forms of active therapy. The dose was 3 Gm. 
daily, given in tablets of 0.5 Gm. every four 
hours for about a week. Thereafter, the 
daily dose was gradually increased to 5 to S 
Gm. daily'. Fluids were limited to 1,500 cc. 
daily and alkali was given with each dose. 
The patients were continued on the drug in- 
definitely. No beneficial effect was noted in 
cases of tuberculous meningitis, miliary' disease 
or bronchopneumonia. Only one patient 
with verj T far advanced disease was benefited. 
Patients with somewhat less advanced disease 
often showed considerable improvement. 
The most frequent toxic effect was the appear- 
ance of anemia. Other side effects were head- 
ache, nausea, vomiting and rashes. — Chemo- 
therapy of Pulmonary Tuberculosis with 
Sulphetrone, T. Anderson & S. J. Slrachan, 
Lancet, July 24, 194S, 2: 1S5. — (A. G. Cohen) 

Sulphetrone for Tuberculosis. — A total of 44 
cases of tuberculosis, of which 42 were pul- 
monary’, were treated with sulphetrone. 
There was improvement in 22, no change in 5, 
progression in G and death in 11 cases. The 
improvement was considerable in 9, moderate 
in 7 and slight in G. It was not dramatic in 
any case —Chemotherapy of T ubermdosis with 
Sulphetrone, M. G. Clay A A. C. Clay, Lancet, 
July SI, 194S, 2: ISO— (A. G. Cohen) 


Sulphetrone for Tuberculosis. — Seventy 
cases of pulmonary tuberculosis were treated 
with sulphetrone. Prior to treatment, ferrous 
sulphate and brewer’s yeast were adminis- 
tered for two weeks. The patients were kept 
in bed. The objective was attainment of a 
blood level of from 7.5 to 10 mg. per cent. A 
level greater than 12.5 mg. per cent was dan- 
gerous. Because early doses are not well 
tolerated, these were small and were increased 
gradually. The drug was given intramus- 
cularly in miliary' tuberculosis and tuberculous 
meningitis. The patients were watched for 
the appearance of anemia. Minor toxic symp- 
toms were headache, nausea, mental depres- 
sion and cy’anosis. Danger signals were 
continuous headache, nausea, vomiting, 
vertigo and mental confusion. Treatment 
lasted from a few day’s to eighteen months. 
There were no beneficial effects in miliary 
tuberculosis or tuberculous meningitis. Im- 
provement was seen in 12 of 17 cases of acute 
fibrocaseous tuberculosis and in 13 of 22 
chronic cases. Each of 4 cases of primary 
pulmonary tuberculosis and 6 of S cases of 
strictly exudative disease were improved. In 
the chronic hematogenous type all 4 cases were 
improved, as were 3 of 4 cases of productive 
tuberculosis. In every' case, the trend in 
exudative cases was halted and reversed. — 
Treatment of Tuberculosis with Sulphetrone, 
D. G. Madigan, Lancet, July St, 1948, 2: 174 • 
— (A. G. Cohen) 

Experimental Chemotherapy in Mice. — 

A review of the literature on the use of the 
mouse in the study of experimental tuber- 
culosis convinced the authors that mouse 
tuberculosis has not been sufficiently deline- 
ated for practical purposes. Wien appropri- 
ate allowances are made for several variables, 
however, a common pattern begins to emerge. 

It was concluded that: (/) the white mouse is 
more resistant to tuberculous infection than 
most mammalian species; (2) it can be easily 
and regularly infected with the mammalian 
and avian varieties of .1/. tuberculosis by a 
variety of routes; (S) the lesions produced arc 
quite diversified and are not histologically 



ABSTRACTS 


25 


identical with those described for other species; 
and (4) the particular histoarcliitecture ob- 
served depends upon the variety, virulence 
and dose of infecting organism, the route of 
inoculation, and the time of observation. It is 
apparent that the histopathologic picture pro- 
duced by a given set of the foregoing variables 
must be standardized before its alteration by 
any therapeutic agent can be evaluated. — 
The Use of Mice in Experimental Chemo- 
therapy of Tuberculosis: I. Rationale and Re- 
view of the Literature. G. TF. Raleigh & 
G. P. Youmans, J. Infect. Die., May-June, 
194s, 82 : 197— (F. G. Petrik ) 

Experimental Tuberculosis in Mice. — The 
evolution of mouse tuberculosis under stand- 
ardized experimental conditions is described. 
The clinical and histopathologic pattern is 
defined and it is felt that potential therapeutic 
agents can be recognized by the alterations 
they induce in this pattern. The Use of 
Mice in Experimental Chemotherapy of Tuber- 
culosis: II. Pathology and Pathogenesis. G. 
TF. Raleigh & G. P. Youmans, J. Infect. 
Bis., May-June , 1948, 82: 205. — (F. G. 
Petrik) 

Experimental Chemotherapy in Mice. — 
Twenty potential chemotherapeutic agents 
were administered to tuberculous mice. 
Under aseptic precautions 0.1 mg. of virulent 
human type tubercle bacilli was injected intra- 
venously into mice of the Strong A strain 
weighing between 20 and 25 Gm. The com- 
pounds were administered to the mice by ad- 
mixture with the diet, except streptomycin 
which was given subcutaneously. The com- 
pounds tested were selected either on the basis 
of in vitro bacteriostatic tests or on the basis 
of known chemotherapeutic action. Adminis- 
tration of each drug was begun two to three 
days before the animals were infected with 
tubercle bacilli and was continued with all 
compounds, except streptomycin, for twenty- 
eight days. Streptomycin treatment was 
started on the day of infection and extended 
over 35 days. Treated mice were compared 
in every respect with homologous control ani- 


mals infected at the same time. Of the 20 
compounds tested only streptomycin and para- 
aminosalicylic acid were found to be appreci- 
ably effective. It is felt that survival time, 
weight change and the histopathologic picture 
constitute a triad of useful measures in the 
assay of any chemotherapeutic agent and that 
of these three determinations the latter is most 
important . — The Use of Mice in Experi- 
mental Chemotherapy of Tuberculosis : III. 
The Histopathologic Assay of Chemotherapeutic 
Action, G. P. Youmans & G. TF. Raleigh, 
J. Infect. Dis., May-June, 1948, 82: 221 . — 
(F. G. Petrik ) 

Aerosol Antibiotic Administration. — The ef- 
ficacy of nebulization therapy depends on the 
local effect of the antibiotic in the bronchial 
tree and is not dependent on the absorbtion 
of the antibiotic by the blood. Penicillin 
“aerosol” therapy is indicated for infections 
of the tracheobronchial tree caused by bacteria 
which are sensitive to penicillin; streptomycin 
“aerosol” is indicated for those infections 
caused by streptomycin-sensitive organisms. 
Penicillin and streptomycin “aerosols” have 
proved to be of greatest value in the eradica- 
tion of purulent exudates complicating bron- 
chiectasis. The method has been of particular 
value in the preoperative preparation of pa- 
tients for lobectomy. “Aerosols” of penicillin 
or streptomycin are sometimes lielpful in the 
treatment of nontuberculous lung abscess. 
Their value is limited by the difficulty in 
getting the drug into the diseased portion of 
the lung. Nebulization therapy may be 
helpful in treating patients with asthma, 
emphysema, and chronic bronchitis only if 
these conditions are associated with infections 
of the bronchial tree caused by bacteria sensi- 
tive to the antibiotic used. “Aerosols” are 
of no value in treatment of respiratory infec- 
tions caused by viruses . — Administration of 
Antibiotic Preparations by the Aerosol Method : 
A Critical Evaluation, A. M. Olsen, Medical 
Clinics of North America, July, 1948, 32: 
1077. — (L. Hyde) 

Postural Changes in Vital Capacity. — The 
ratal capacities were determined in 9 adult 
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stasis mnv be entirely obliterated while in 
others it becomes less pronounced. In cases 
of acute bronchopneumonia the diffuse, 
opaque network of the parenchyma appears 
thinner and the opacity is less pronounced 
but more sharply defined in films made at 
high pressure. Altering the intra-alvcolar 
pressure causes little or no change in the 
roentgenograpliic appearance of acute lobar 
pneumonia, acute and chronic atelectasis, 
chronic pneumonia and in most cases of 
tuberculosis. Cases illustrative of the var- 
ious types of pulmonary disease discussed 
are presented. — The Importance of Intra-ahxo- 
lar Pressure in the Diagnosis of Pulmonary 
Diseases, N. Wcslcrmark, Radiology, May, 
194S, SO: 610.— (G. F. Mitchell) 

Pulmonary Edemn. — The intracranial pres- 
sure was increased in dogs up to over 300 mm. 
of mercury. This did not cause pulmonary 
edema. However, a condition resembling pul- 
monary edema may be produced in such ex- 
periments due to the aspiration of saliva. — 
An Attempt to Produce Pulmonary Edema by 
Iticrcascd Intracranial Pressure, A. Sttrlshin, 
L. iV. Katz cfc S. Rodbard, Am. J. Physiol., 
MarcJt 1, 194S, 1S2: SS9.—(G. C. Lcincr ) 

Pulmonary Arterial Blood Pressure. — In 
anesthetized cats, measurements of the pres- 
sure in the pulmonary artery were made by 
means of a cannula inserted into the pul- 
monary artery. In some instances there were 
indications of a nervous influence on the pul- 
\monary arterial pressure. Inhalation of car- 
bon dioxide produced increase in the pressure; 
oxygen want had a similar but stronger effect. 
Oxygen inhalation produced a drop of the 
pressure. Increase of inspiratory or expira- 
tory' resistance increased the pulmonary ar- 
terial pressure. The blood flow through any 
part of the lungs depends on its ventilation, 
the flow shifting from badly ventilated parts 
of the lungs to parts which are well ventilated. 
— Regulation of Pxdmonary Arterial Blood 
Pressure, G. Liljeslrand, Arch. Int. Med., 
February, 1948, 81: 162— (G. C. Leiner ) 


Pulmonary Vascular Diseases. — The causes 
of peripheral vascular disease of the lung may 
be grouped as follows: (/) intrinsic disease of 
the vessel wall or obstruction of the lumen; 
(2) changes in vessels produced by adjacent 
disease of the pulmonary' parenchyma; and 
{ S ) toxic and hypersensitivity states resulting 
in increased permeability of vessel walls. 
Arteriosclerosis, artcriolosclerosis and pul- 
monary hypertension cause clianges in the 
pulmonary vessels. Obliterative vascular dis- 
ease regularly accompanies advanced pul- 
monary emphysema. Obstruction of the 
vascular lutnen may be due to a great variety 
of conditions: foreign material, septic, organic, 
or inorganic fragments circulating in the sys- 
temic blood vessels, neoplasms, blood dyscra- 
sia, and parasitic infestations. Vascular 
changes are produced by the adjacent disease 
in acute pneumonia, in chronic inflammatory 
conditions and neoplasms, in tuberculosis and 
in silicosis. Some pathologic lesions are asso- 
ciated with a great variety of conditions: 
poisoning with sulfonamide compounds, serum 
sickness, eczema, lupus crythemathosus, acute 
rheumatic fever, and periarteritis nodosa. 
If sensitization becomes profound, organic 
destruction of the vessel wall occurs with 
necrosis. The effects of exogenous and endog- 
enus toxins on the walls of small vessels are 
identical with the manifestations of hyper- 
sensitivity. Vascular permeability' may be 
altered in long standing protein deficiency, 
in beri-beri, and in a peculiar iron deficiency 
described by Waldenstrom. — Peripheral Vas- 
cular Disease in (he Lung, Roentgenologic 
Manifestations, R. P. Barden & D. A. 
Cooper, J. A. M. A., June 12, 1948, 137: 
584 • — (7/. Aides) 

Laryngeal Swab in Pulmonary Tubercu- 
losis. — In 201 patients with radiological evi- 
dence of tuberculosis but with no sputum or 
with no demonstrable tubercle bacilli in the 
sputum, cultures were made of gastric con- 
tents and laryngeal swabs. Gastric lavage 
was slightly superior for obtaining cultures of 
tubercle bacilli from inpatients; there was no 
difference in the results of the 2 methods for 
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THORACOPLASTY IN THE TREATMENT OF PULMONARY- 

TUBERCULOSIS' •- 

An Annhsis of Results Five to Twenty-six Years after Operation 

T. KINSELLA, E. S. MAR1ETTK, 1\ M. MATILL. E. P. K. FKXGER, V. K. FUNK, 
L. M. LARSON, S. S. COHEN and F. Cl. NEMEC 

IXTHOIH'CTIOX 

Extrapleural thoracoplasty has occupied a role of increasing importance over 
the years in the surgical treatment of pulmonary tuberculosis. The value of the 
procedure in situations where it is definitely indicated has never been seriously 
challenged and the early results obtained have been eminently satisfactory. 
Because of the treacherous nature of tuberculosis and the tendency for its vic- 
tims to undergo relapses and exacerbations of the disease from lime to time, it 
was felt that a careful analysis of the late results obtained in a large series of 
patients, carefully controlled and accurately followed for many years, might 
reveal much information of value in guiding the future handling of this disease. 

onsiatVATioxs 

Glen Lake Sanatorium, a public institution of 010 adult bed capacity, caring 
for the tuberculous individuals of Hennepin County, including Minneapolis, 
was first opened in 1016 and has been in continuous operation for the past thirty- 
two years. During the period of this study, 1016 through 10-12, a total of 6,394 
patients suffering from pulmonary tuberculosis were admitted to this institution 
for treatment. This group included 3,773 patients with far advanced disease, 
1,97S with moderately advanced disease, and 693 with minimal tuberculosis. 
The senior medical and surgical staff has, with one or two exceptions, remained 
almost unchanged for the entire period. Thus the factors of indications, selec- 
tions of patients, preoperative and postoperative care and the like, which might 
influence the series, have remained remarkably constant throughout except as 
altered by accrued experience. 

The first thoracoplasty operation at Glen Lake Sanatorium was performed on 
January 22, 1922 by the late Dr. Arthur A. Law who pioneered through the 
early portion of the series. He remained the surgical director until early in 1928 
and on his retirement was succeeded by one of the writers (T. J. K.). Since the 
fall of 1940 another two of the writers (V. K. F. and L. M. L.) have carried on 
the surgical work. During the study, a total of 613 patients, or 9.6 per cent of 
the patients with pulmonary tuberculosis admitted to the institution from 1916 
to 1943, were subjected to thoracoplasty. Six hundred and nine of these patients 
had unilateral thoracoplasty carried out in 1,562 operations, while four had 

1 From the Glen Lake Sanatorium, Oak Terrace, Minnesota. 

" Presented before the Medical Section, as part of the symposium on Surgery — Trends — 
Laic Results , at the 44th Annual Meeting of the National Tuberculosis Association, New 
York, New York, Juno 1G, 194S. 
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The interval between operations in the earlier portion of the series was exces- 
sively long, at times even a matter of several months. Gradually, however, as 
the series developed , an interval of approximately three weeks between stages 
was adopted and was utilized in the majority of the cases. More recently this 
interval has been reduced to two weeks. 

All of the earlier thoracoplasties were carried out in an extremely rapid time 
“with one eye on the clock” in an attempt to complete the operation before shock 
supervened. Records as low as nine minutes from incision to last stitch of closure 
for a lower stage six rib thoracoplasty, and eleven minutes from incision to last 
stitch of closure for an upper stage five rib thoracoplasty were made. Needless 
to say, excessive blood loss, long residual vertebral rib stumps, perforation of the 



Fig. 1. Balloons used in posturing patient on the operating table. 


pleura, and severe shock were frequently encountered. With improvements in 
technique and particularly with a change to local infiltration as the anesthesia 
of choice in 1929, the emphasis on speed was discarded and a more careful, 
meticulous type of thoracoplasty carried out, resulting in improved postoperative 
condition of the patients. While some of the earlier operations were earned 
out in the direct lateral position, a change was soon made to a three-quarters 
prone position which has been used consistently ever since. This position may 
be seen in figures 1 and 2, which illustrate the balloons used in posturing the 
patient and the patient in operative position upon the table. 

Blood loss in the earlier thoracoplasty operations was not calculated, but is 
known to have been excessive. Calculations of the average blood loss for 
nearly 100 thoracoplasty stages carried out under local anesthesia were reported 
in 1937 (1) as follows: upper posterior thoracoplasty three to four ribs, 450 cc. 
blood loss; intermediate posterior thoracoplasty three to four ribs, 296 cc.; lower 
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The original operations in the series were done entirely under nitrous oxide 
anesthesia, but very soon paravertebral block with novocain followed by nitrous 
oxide anesthesia became the routine anesthetic. Through 1928 and 1929 occa- 
sional cases were done under local anesthesia alone. With increasing experience, 
local anesthesia became the anesthetic of choice and thereafter was used almost 
exclusively for operations which could be carried on under this type of anesthesia 
alone. In no instance was it, necessary to change to a general anesthesia when 
this sequence had not been anticipated before surgery was undertaken. Nitrous 
oxide, ethylene, or cyclopropane were administered in addition to the local 
anesthesia in a few instances. The general impression that under local infiltra- 



Fig. 3. Support of chest while patient is encouraged to cough. 


tion anesthesia the patients came through their surgery in better condition with 
less shock, less blood loss and in better general condition has been .adequately 
confirmed over the years. The ability of the patient to cough and expectorate 
during, as well as immediately following, surgery has been a distinct advantage, 
particularly in the patient with larger amounts of sputum. 

Postoperative Care 

Postoperatively there are a number of points which were considered important 
to the safety and comfort of the patient. In order to avoid aspiration of material 
into the good lung, care was taken never to turn the patient or allow the patient 
to turn so that the uninvolved lung was dependent while awake or asleep. 
Opiates were used in dosage sufficient to control distress but not to destroy the 
cough reflex. The patient was required to cough and expectorate sputum at 
intervals from the time of surgery, using expectorants and proper support to the 
deribbecl chest wall, as illustrated in figure 3. Fluids were routinely administered 
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post opera tivolv by retention enema and by the intravenous or subcutaneous 
routes when necessary. Transfusions were used on but few occasions in the 
whole series. Patients were permitted and encouraged to take fluids and food by 
mouth as soon as tolerated. Many patients were able to take a reasonably 
normal meal within a few hours after the operation. 

If any paradoxical chest wall motion was noted, sandbags were immediately 
applied to the area or if necessary the chest was firmly strapped with adhesive 
tape over rubber sponges. Local area dressings were changed as necessary. 
Penrose drain tubes which were used routinely were removed in approximately 
forty-eight hours. Patients were encouraged and urged to move around as soon 
as possible after surgery. They were routinely required to sit up for dressings 
the morning following the operation and subsequently at frequent intervals. 
Early motion of the arm and shoulder on the operated side was insisted upon and 
every attempt was made to keep the patient from feeling that the operation would 
in any way cripple him. Because surgery alone does not cure tuberculosis, all 
patients were maintained on strict bed-rest fora period of at. least six months 
following the completion of all stages of the thoracoplasty procedure. 


Mortality 

Twenty-two of t he 013 patients in the entire series died within fourteen days 
of the operation (table 1). This represents a mortality rate of .'Lot) per cent per 
patient and 1 .-II) percent per operation. A total of 3-1 patients died within eight 
weeks of the time of operation, yielding an eight weeks’ mortality of per cent 
per patient or 2 . 1 ( > per cent per operation (Table o). One patient died upon the 
operating table and two others died during the first twenty-four hours following 
surgery, apparently from shock. Three died on the second day following oper- 
ation, one on the third, 2 on the fourth, 3 on the fifth, 2 on the seventh, one on 
t he eighth. 2 on the ninth, 2 on the tenth, and 2 on the eleven t h day after surgery. 
Eleven of the deaths may justly be attributed to an extension of the tulKTculo-ts. 
Two of the patients definitely aspirated material through a bronchial fistula to 
cause t he spread of t he disease. An addit ional pat ient , considered at po-t mortem 
examination as having died of asphyxia, probably aho should have been ela--t- 
tied as a tuberculous death. Two, who on the death certificate.- were h-ted a- 
pneumottia, were proven at postmortem examination to have notituijercufou- 
pneuinoaias. tine patient was listed as dying of pulmonary edema, one from 
right heart failure and one on postmortem examination a- tuberculous myo- 
carditis and rheumatic endocarditis, making a total of 3 patient- apparent!)' 
dving of cardiac conditions. One di<-l from a cerebral va-mlar accident, prob- 
able rc-u!tiug from low blo-sl pri—ure and thromho-i-. one from a pulrnonar) 
emboli-m on the eighth po-iuperat ive day. and one patient from an accid, ntnl 
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Ah additional 12 patients died of the following causes within six weeks or two 
months of operation: S from pulmonary tuberculosis; one from tuberculous 
meningitis; one from pulmonary embolism; one from chest wall flutter; and one 
from cardiovascular failure with peripheral edema. One of the tuberculous 
deaths in this group also resulted from aspiration of pus from a pyopneumothorax 
cavity through a bronchial fistula. The cause of death in 7 of this group was 
confirmed by postmortem studies. 

A graphic representation of how the operative mortality has decreased with 
the development of the series may be seen in figure 4. Each vertical column in 
the figure represents the number of operations (and the number of patients sub- 



Fig. 4. Postoperative tlioracoplastic deaths S weeks. 


jected to surgery) which were performed during the various periods of time which 
elapsed between any tw f o postoperative deaths. All deaths, regardless of cause, 
which occurred during the eight week period following operation are included. 
The death which interrupted the series on May 13, 1934, after 208 consecutive 
operations on 87 patients, was caused by an accidental pneumothorax on the 
contralateral side induced in an attempt to refill a pneumothorax pocket present 
before operation. The operative mortality (within eight weeks) since 1931 has 
been 3.0 per cent per patient and 1.16 per cent per operation. It is interesting 
to note that 59 per cent of the mortality within eight weeks has occurred in the 
first 21 per cent of the series. 

Shock was a very prominent feature in all of the earlier operations and was 
frequently of severe degree. It is very difficult from the study of charts alone to 
obtain any accurate indications of the frequency of this condition because of the 
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great variation in its degree and in the interpretation of what constitutes shock. 
Three patients definitely died in this state. In the latter portion of the series 
shock became a factor of much less importance and in a severe form was rarely, 
if ever, seen. 

Blood transfusions were rarely used in this series which was carried out before 
the days of blood banks with blood freely available. It is quite probable that in 
the early portion of the series especially the use of blood transfusions would have 
been a distinct advantage. They have not been necessary in the latter portion 
of the series, but might definitely have hastened the recovery of some patients 
and possibly offered a chance for a shorter interval between stages than the one 
customarily used. 

Major wound infections were not of frequent occurrence and records of only 
35 or 2.2 per cent can be found listed. Perforation of the pleura was noted not 
infrequently in the early portion of the series where an extremely rapid surgical 
resection was carried out. In the latter portion of the series, however, with a 
more careful operative technique, perforations have rarely occurred. Tubercu- 
lous sinuses resulting from damage to lung, pleura or to tuberculous lymph nodes 
have been recorded in only 6 patients in the whole series. 

Scoliosis of any degree whatsoever as noted on the roentgenogram has been 
reported in 165 patients or 26.9 per cent of the entire series, but in only 13 (2.12 
per cent) was it either moderate or marked. It was seen most frequently in 
young people, particularly in young girls of poor musculature. Scoliosis can be 
produced, however, by destruction of portions of the erector spinae group of 
muscles or their nerve supply, or by resection of transverse processes which 
represent the only remaining site of muscle attachment after removal of the ribs. 
No planned program for prevention and treatment of scoliosis was used in this 
series as it was deemed unnecessary because of the low incidence and slight 
degree of this complication. 


Spread of Disease 

A spread or exacerbation of tuberculosis was encountered 94 times in 90 pa- 
tients in this' series which represents a rate of 14.66 per cent per patient or 6.34 
per cent per operation. Thirty-four “spreads” occurred in areas not previously 
involved with tuberculosis, while 60 occurred in areas in which there had pre- 
viously been tuberculous disease. The latter group raises the question of how 
much of the total figure represents exacerbation of previously existing disease. 
This question cannot be definitely answered and it is probable that most of the 
new lesions represent a bronchiogenic spread of disease. In only 10 of the pa- 
tients was the “spread” on the same side as the thoracoplasty. It is noteworthy 
that one-half of the patients who developed an extension of disease on the same 
side had a paralyzed diaphragm on that side at the time of surgery. 

Thirty-eight of the patients who developed extension of disease were operated 
upon for large cavities, 29 for small cavities, 17 for pyopneumothorax, and 6 for 
miscellaneous causes. It is interesting to note that 5 of the patients with pyo- 
pneumothorax who developed a spread of disease had a definite bronchial fistula 
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present at the time of surgery. The hazard of a bronchial fistula in the patient 
with a pyopneumothorax cannot be too strongly emphasized. Sixty-two of 
these patients were operated upon under local anesthesia, 21 under gas and local 
infiltration, 3 under ethylene, one under nitrous oxide alone, one under spinal 
anesthesia, and one under ethydene and local anesthesia, and one under an anes- 
thetic of unstated type. The incidence of “spread” after local anesthesia was 
4.9 per cent, while under general anesthesia it was S.4 per cent. Many other 
factors besides anesthetic alone must be considered in' the development of a 
bronchiogenic spread of tuberculosis following thoracoplasty. Important among 
these are medications before and after operation, the ability to expectorate, the 
cooperation of the patient, his position in moving, and his position in bed. 
Consequently" any correlation of “spread” to anesthesia is not an exact one. A 
spread of disease occurred after the first operation in 50 instances, after the second 
in 24, after the third in 16, after the fourth in 3 and once after the fifth operation. 
Among the 90 patients who developed a spread of tuberculosis following surgeiy, 
11 died within the first two weeks after surgeiy, and 7 within the subsequent six 
weeks. Thus a total of IS or 20 per cent died within two months. Eleven more 
patients died within the first year, 10 within the second year, and 19 at times 
varying from three to thirteen years after surgery. The spread of tuberculosis 
postoperative^ was definitely a causative factor in the subsequent death of the 
majority of these individuals who died within two years. 

RESULTS 

Four hundred and ten, or 66.S per cent of the entire series operated upon, still 
survive for a period of five to twenty-six years following surges, giving a series 
mortalit 3 r for all causes of 33.12 per cent. If the 34 patients who died at various 
times up to eighteen years following surges from causes totally unrelated to 
tuberculosis are deducted from the total number of patients now dead, it ma 3 r 
be seen that 27.57 per cent of the entire group of 613 thoracoplasty patients 
eventually died, either early or late, from tuberculosis or its complications. 
Among the causes of death unrelated to tuberculosis are: carcinoma, 9 patients; 
suicide, 6; accidents, 5; nontuberculous appendicitis and peritonitis, 3; cardio- 
vascular complications, 3; psychosis, 2; nontuberculous pneumonia, 2; mesen- 
teric thrombosis, one; meningococcic meningitis, one; nephritis following scarlet 
fever, one; and operation for a nontuberculous condition, one. As near as can 
be determined, the tuberculosis was under control at the time of death in all of 
these patients. These survival figures and the accompanying tables clearly 
indicate the stability of these lesions in these individuals once the tuberculosis 
has been controlled by means of extrapleural thoracoplasty. 

Cavity Closure and Reversal of Infcdiousness 

In SS.l per cent of the patients whose sputum contained tubercle bacilli prior 
to surgery, the organisms subsequently disappeared from the sputum, according 
to the direct examination technique used at the sanatorium over the years covered 
by^ the study". Undoubtedly, cultures of sputum or cultures of gastric washings 
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or guinea pig inoculations would alter this percentage materially but, as these 
procedures were not in use consistently over the years, they were not considered 
in this study where a uniform listing was desirable. As may be seen in table 6, 
of the patients who presented large cavities (more than 4 cm. in any one diameter 
prior to surgery), closure was obtained in only 49.6 per cent, with disappearance 
of tubercle bacilli from the sputum in 76.5 per cent. In the patients with small 
cavities (table 7), the incidence of cavity closure was considerably greater, namely 

TABLE C 


Cavity closure and “sputum conversion” 
( Large cavities) 





SPUTUM 



TOTAL 

Positive Before 

Negative 

: Before 



Negative 

after 

Positive 

after 

Negative 

after 

Positive 

after 

Closed 

70 

5S 

8 

4 

0 

Open 

71 

43 

23 

5 

0 

Total 

141 . 

101 

31 

9 

0 


49.6 per cent cavity closure. 

76.5 per cent “sputum conversion.” 


TABLE 7 

• Cavity closure and “sputum conversion” 
( Small cavities) 




SPUTUM 


TOTAL 

Positive Before 

Negative Before 



Negative 

Positive 

Negative 

Positive 



after 

after 

after 

after 

Closed 

218 


mm 

77 

i 

Open 

99 

m 

m 

28 

i 

Total 

317 

191 

19 

105 

2 


68.7 per cent cavity closure. 

91.0 per cent “sputum conversion.” 


68.7 per cent, with “sputum conversion” in 90.95 per cent. Further analysis of 
the late results of the patients operated upon because of large and small cavity, 
with particular reference to mortality, both early and late, in relation to cavity 
closure and “sputum conversion” is not complete and will be published at a 
later date. 

Pyopneumothorax 

Ninety-four patients were operated upon because of pyopneumothorax. In 
this group, obliteration of the empyema pocket was obtained in 61 and question- 
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able closure in one additional patient, or 67.3 per cent of the patients operated 
upon for this condition. Failure of closure occurred in 32.7 per cent of those 
who survived the surgery. In this entire group, 5 died within two weeks with 
empyema pocket unclosed, one under eight weeks with the empyema pocket 
unclosed, and 6 additional patients within one year, 2 with the empyema pockets 
obliterated and 4 unobliterated. Twenty-five additional patients of this series 
died after periods longer than one year following the surgeiy, and of these 25, 
obliteration of the empyema pocket had failed to occur in 11, while 13 such 
cavities were definitely closed and one questionably closed at the time of death. 
Fifty-nine and seven-tenths per cent of the entire group still survive. The 
presence of a bronchial fistula in this group proved a distinct hazard for 5 of the 
group of 17 developed a contralateral spread of disease following surgeiy. 

Supplementary operations to the standard thoracoplast 3 r were frequently 
necessary in this series of empyemas, a complication which as a rule demands a 
much more extensive thoracoplast 3 r and more numerous stages than uncompli- 
cated pulmonary tuberculosis. Catheter drainage, rib resection for open drain- 
age, unroofing operations, and plastic closures were all utilized in various patients 
in this group in an attempt to bring about obliteration of the pleural cavity. As 
many as seven or eight separate operations were required in some patients. In- 
creased experience in handling empyemas has produced better results. Catheter 
drainage at the base laterally has been considered mandatory in all patients with 
definite or suspected bronchial fistulae or secondary infection. Moreover, with 
chemotherapeutic agents available, catheter drainage has been used with increas- 
ing frequency and to advantage in patients with straight tuberculous pyonpeumo- 
thorax without secondary infection. Closed drainage with or without irrigation 
or continuous suction has been of distinct value in removing all fluid from the 
pocket and reducing its size and bringing about more rapid obliteration of the 
pleural space during the course of the collapse procedures. A more complete 
report of this group will be made in a future communication. 

Revised, Operations 

A series of 63 patients have been subjected to various tjyies of supplementary 
and revision operations with and without packs in attempts to improve the results 
w-hen the primary surgical procedures had not been entirely satisfactor 3 r . In 
general, these procedures were well tolerated and aided materially in improving 
the clinical result. Cavit 3 r closure occurred in 56.6 per cent and “sputum con- 
version” occurred in 73 per cent of this group of 63 patients. 

SUMJIARY 

1. Thoracoplast 3 r was performed on 613 tuberculous patients (1,474 individual 
operations) during the twenty year period 1922 to 1943. 

2. Sixty-six and eight-tenths per cent of the patients are alive five to twenty- 
six 3 r ears after operation; 27.57 per cent ultimately died of tuberculosis or its 
complications. 

3. The operative mortalities were 3.59 per cent per patient (1.4 per cent per 
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operation) during the two weeks after surgery. During the eight weeks after 
operation the mortality was 5.55 per cent per patient and 1.16 per cent per 
operation. 

4. Since 1931 the postoperative mortality (eight weeks) has been 3 per cent 
per patient and 1.16 per cent per operation. 

SUMARIO 

La Toracoplaslia cn cl Tralamicnto dc la Tvbercidos Pulmonar: Andlisis de los 
Rcsultados dc Cinco a VcintisGis Ados desputs dc la Operacion 

1. En el veintenio 1922-1943 se ejecutd la toracoplastia en 613 tuberculosos 
(1,574 distint as operaciones). 

2. De estos enfermos, 66.S por ciento se hallan vivos de cinco a veintisdis 
auos despuds de la operaci<5n; 27.57 por ciento murieron por fin de tuberculosis 
o de las complicaciones'de la misma. 

3. La mortalidad operatoria represents 3.59 por cien enfermos (1.4 por cien 
operaciones) en las dos semanas consecutivas a la intervencidn. Durante las 
ocho semanas consecutivas a la intervencidn la mortalidad se elevd a 5.55 por 
cien enfermos y 1.16 por cien o operaciones. 

4. Desde 1931 la mortalidad postoperatoria (ocho semanas) ha sido de 3.0 
por ciento en enfermos y de 1.16 por ciento en operaciones. 
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SIGNIFICANT ELECTROCARDIOGRAPHIC CHANGES 
FOLLOWING CHEST SURGERY 1,2 


Electrocardiographic Changes Currently Considered Indicative of Serious Heart Disease 
Occurring Postoperatively in Patients with Complete Absence of Clinical 
Manifestations of Heart Disease 

SOLOMON M. RAUCHWERGER and FREDERICK A. ERSKINE 

INTRODUCTION 

The limits of normal electrocardiographic patterns have not been completely 
defined as yet. During World War II many studies were made at induction 
centers and military installations by competent investigators and numerous new 
variations of the normal pattern were reported (1). On the basis of this fact 
alone, it has been emphasized repeatedly that a diagnosis of myocardial damage 
should not be made solely on the basis of electrocardiographic findings. 

A correlation study of the electrocardiographic findings and subsequent clinical 
course of 112 patients who were subjected to chest surgery has been undertaken. 
The surgical procedures were performed during a five year period from 1913 to 
1948 at a 1,000-bed tuberculosis sanatorium and electrocardiograms were ob- 
tained before and after operation in all of the patients studied. It was noted 
early in the study that T-wave changes in Lead I and Lead IV, usually inter- 
preted as signifying the presence of severe myocardial damage (3, 8, 9), occurred 
with notable frequency without subsequent clinical evidence of heart disease. 

Because of this significant feature and also because there is relatively little in- 
formation in the literature concerning electrocardiographic changes following 
thoracoplasty and other forms of chest surgery, the findings are reported. The 
benign course followed by these patients and the amount of additional surgery 
well tolerated after the T-wave changes occurred suggest that a revision of the 
electrocardiographic criteria for inoperability may be in order. Three patients 
included in this series did develop the electrocardiographic and clinical findings 
characteristic of well-known, specific disease states and these cases are discussed 
in detail below. 

METHODS AND MATERIALS 

The patients comprising this series, with the exception of 4 with bronchiectasis 
and 2 with pulmonary abscess, all had pulmonary tuberculosis for which surgery 
had been performed. There were 93 thoracoplasties, 42 on the left side and 51 
on the right; 9 pneumonectomies, 3 primary and 6 secondary to a thoracoplasty; 
and 12 lobectomies, S primary and 4 secondary to a thoracoplasty. The excision 
cases combined with a thoracoplasty were considered as thoracoplasties in tabu- 

1 From the Department of Medicine and Surgery, Veterans Administration Oteen, North 
Carolina. 

: Published with permission of the Chief Medical Officer, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions expressed 
or conclusions drawn by the authors. 
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TABLE 1 


Tabic of T-tcarc changes following various forms of chest surgery 


TYrE or COLLArSE 

NUMBER 
OF PA- 
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(D) 
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Ti 

(L) 
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(D) 

Ti 
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Ti 

(L) 

Ti 

(D) 

TOTAL 

NUMBER 

OF 

CHANGES 

Thoracoplasty right 

51 

0 
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2 

0 

5 

0 

5 

3 

4 

2 

2 

1 

32 

Thoracoplasty left. . 

42 

7 

12 
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2 

5 

1 

4 

2 

2 

6 

2 

5 

54 

Lobectomy 
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0 
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0 
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Pneumonectomy .... 
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1 
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0 
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1 
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0 

1 

2 

1 

9 
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0 
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0 

1 

0 

1 
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1 

1 

1 

0 

0 

1 

1 
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(I) = inversion. 

(L) = low or isoelectric. 
(D) = ciipliasicitj'. 
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I' iG. l. Case 1 (Age 26). Roentgenogram revealed bilateral pulmonary tuberculosis with 
cavitation on the left. Previous collapse therapy consisted of a left pneumothorax, left 
phreniclasia, and pneumoperitoneum. A three-stage left thoracoplasty was performed be- 
tween September 22 and December 3, 1947. Cyclopropane and ether were the anesthetic 
agents employed. Blood pressure was labile ranging from 110/S0 to 140/100. The electro- 
cardiographic pattern observed occurred following the first-stage thoracoplasty. 

(A) Before thoracoplasty — T s negative; (B) after first stage — negative Tj; diphasic T 2 ; 
negative T 4 ; (C) before third stage— negative T,; diphasic T 2 , T 2 ; negative Ti. (D) After 
completion of thoracoplasty— negative, low T,; negative T,. 
























Fig. 2. Case 2 (Age 55). Chest roentgenogram revealed extensive fibro-exudative disease 
with cavitation on the left and a fibrotic lesion on the right . This patient had a three-stage 
left thoracoplasty including a revision thoracoplasty performed between November 5, 10-13, 
and September 22, 1944. On June 17, 1947, a left pneumonectomy was done. Again cyclo- 
propane and ether were the anesthetic agents. The electrocardiographic changes seen in 
tracing dated December 15, 1947 were first noted June 20, 1947 but the tracing for this date 
could not be located. 

(A) Before surgery — normal tracing; (D) Following pneumonectomy — Tj isoelectric. 

Each patient had a complete cardiac examination, including: an electrocardio- 
gram, before and after operations. The electrocardiographic study included the 
four standard leads (I, II, III, and CF IV) in all eases, and in the doubtful cases 
the six classical chest leads were also employed. In addition, an electrocardio- 
gram was made prior to each stage of thoracoplasty. The examinations also 


















ELECTROCARDIOGRAPHIC CHANGES AFTER CHEST SURGERY 


included a clinical evaluation of the patient on the morning surgery was to be 
performed. 
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Fig. 3. Case 3 (Age 52). Patient was admitted with a diagnosis of far advanced pul- 
monary tuberculosis with cavitation on the right. A three-stage right thoracoplasty was 
done between April 7 and May 13, 1947. On November 12, 1947, he had an excision of an 
osteomyelitic rib. Approximately twenty-four hours later, he developed signs and symp- 
toms of a pulmonary embolism on the left side, manifested by sudden onset of severe pain 
in the chest, more marked on the left, and accompanied by evidence of shock. Anticoagu- 
lants and supportive measures were administered and recovery was uneventful. An elec- 
trocardiogram on November 13, 1947, revealed the findings characteristic of pulmonary 
embolism. The electrocardiographic changes gradually resolved over the ensuing several 
days. 

(A) Before surgery — normal pattern; (B), (C) following thoracoplasty — no change; (D) 
after excision of ostcomylitic rib — deep Si; depressed ST = , ST 3 ; (E) 24 hours after (D) — 
low, slurred QRSi and poor T-waves. 


RESULTS 

Pronounced T-wave changes in Leads I and IV were noted in 34 of the 112 
cases reviewed. In IS there was marked lowering (to less than 100 microvolts) 
or inversion of Ti alone. In 16 cases there occurred a combination of lowered or 
inverted Tj with a similar change in 1\. The T-wave changes in Leads II and 
III were as tabulated in table 1. 
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Other changes occurring less frequently (not statistically significant) were: 
(a) tendency for increase in amplitude of P-waves without evidence of right heart 
strain in the vast majority of instances; (b) elevation in S-T segment in 4 cases, 
in Leads II, III and IV; (e) frequent extrasystoles (especially prominent follow- 
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11/24/47 

D 


12/4/47 
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Fig. 5. Case 5 (Age 46). Roentgenogram revealed bilateral pulmonary tuberculosis of a 
fibro-caseous nature with cavitation on the right. Previous collapse therapy consisted of an 
unsuccessful right pneumothorax, a right phreniclasia, and pneumoperitoneum. On 
October 17, 1947, an anterior first-stage right thoracoplasty, and on October 31 , 1917, a pos- 
terior right thoracoplasty were performed. On Novemberl6, 1947, the patient experienced 
an acute episode of pain in the left side of the chest which gradually increased in intensity, 
especially on deep inspiration. An electrocardiographic tracing taken on Novebmcr IS, 
1947, revealed a pattern compatible with that of an acute pericarditis. Frequent examina- 
tions failed to reveal evidence of a friction rub or a pericardial effusion. Subsequent trac- 
ings showed resolution of the acute process and on December 16, 1947, a second-stage poste- 
rior thoracoplasty was performed under cyclopropane and ether. Between January 10 and 
February 2, 194S, he had a two-stage cavcrnostomy with no untoward effect. Serial electro- 
cardiograms up through February 4, 194S, revealed normal findings. 

(A) Before surgery— left axis deviation; (B) before second stage thoracoplasty— no 
change; (C) T-wavcs inverted in all leads; (D) six days after (C) — T waves diphasic; (E) 
T : , Tj now upright; Ti and T t low and diphasic; (F) T t isoelectric; T< inverted. 

ing 2 pneumonectomies); and (d) occasional splitting of QRS». In review of 
tlie records of 23 patients who had a plirenemphraxis with or without pneumo- 
peritoneum or pneumothorax, the only unusual findings were inversion of T< 
in two (table 1), and inversion of Ti in one. 

The presence of a negative T-wavc in Lead I, especially in conjunction with a 
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only one was the T-wave in Lead I inverted. Changes in posture from recum- 
bency to sitting did not alter the observed patterns in Leads II, III, and IV in 
these patients (13). As noted in table 1, however, over half of the group (62.5 
per cent) did reveal changes postoperatively in Leads II, III, or IV, either alone 
or in combination. The T-wave changes observed in Leads I and IV, however, 
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Fig. 7. Case 7 (Age 26). Roentgenogram revealed fibro-exudative disease with cavitation 
on the left. A two-stage left thoracoplasty was performed between April 13 and May 4, 
1945. Electrocardiographic changes were first noted on October 30, 1946. Subsequently 
this patient had a revision thoracoplasty on November 1, 1946. He had a left lower lobec- 
tomy January 1 , 1946. 

(A), (B), (C), (D) Following 2-stage thoracoplasty — normal tracing; (E) following re- 
vision of thoracoplasty — T, inverted; T 4 shows high amplitude. 

were of paramount concern as they were so striking, tended to persist, and yet 
did not appear to be due to myocardial damage. 

During the course of the study, whenever Ti inversion was found to have oc- 
curred, either alone or in combination with an altered T\, a careful scrutiny was 
made for any clinical evidence of heart disease. This included a search for cor- 
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onaiy insufficiency, any marked variation in blood pressure, change in heart 
sounds or rhythm, diminution in cardiac reserve, and especially for evidence of 
cor pulmonale. These procedures were carried out in an attempt to account for 
the electrocardiographic changes in Leads I and IV on the basis of demonstrable 
organic heart disease. It is felt that if heart disease of a nature serious enough 
to produce the electrocardiographic changes noted were actually present, some 
clinical evidence thereof would have manifested itself during the early post- 
operative stages, or certainly within the follow-up period. 

Although changes in many instances were pronounced when first noted, they 
were not considered sufficient to contraindicate subsequent chest surgery. The 
early experience in this question was obtained by observation of the satisfactory 
postoperative course followed by several patients for whom surgery was abso- 
lutely necessary despite electrocardiographic changes. As already mentioned, 
these later stages of surgery were well tolerated from a cardiovascular standpoint 
and there appears to be no justification for assuming the presence of heart dis- 

TABLE 2 


T-wave changes subsequent to phrenemphraxis in twenty-three patients 


T-WAVE CIIANGE 
TYPE OF COLLAPSE 
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(I) = inversion. 

(L) = low or isoelectric. 
(D) = diphasicity. 


ease merely on the strength of electrocardiographic changes which have not been 
described in the absence of heart disease prior to this time (2, 7). 

DISCUSSION 

The reasons for these T-wave changes arc not known at present, just as the 
reasons for inversions of T- and T 3 were not known when this phenomenon was 
first observed in normal individuals. There is no adequate justification for 
assuming that any toxins accompanying the tuberculous process should suddenly 
cause severe heart damage with the electrocardiographic changes as noted. 
Nor were there any postoperative pneumonias or spreads of disease, such as have 
been reported as possible ctiologic factors by Thomson cl al. (12), which occurred 
to account for the T-wave changes. The drugs used post opera lively included 
morphine sulfate; barbiturates, as hypnotics; multiple vitamins; penicillin and 
streptomycin. It is known that none of these drugs with the possible exception 
of streptomycin, will produce the changes recorded. Although investigation of 
the toxic side effects of streptomycin is far from exhausted, a review of the elec- 
trocardiograms of over 200 patients who have received the drug has revealed no 
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seated emotional conflicts that might have been present, the average patient was 
not of an abnormally tensive nature, nor possessed of any profound anxiety state 
which could conceivably contribute to some of the changes noted. If anything, 
“spes phthisica” was the prevalent attitude. 

Only after evaluation of the manifold considerations discussed above did the 
writer feel justified in accepting the initial impression i.e., that the electrocardio- 
graphic changes in Leads I and IV, ordinarily interpreted as signifying organic 
heart disease, were occurring and persisting in complete absence of myocardial 
damage as more than a mere hypothesis. At the very’- least, in the interest of a 
conservative, open-minded approach, it may be stated that these electrocardio- 
graphic changes occurred in the absence of “clinical and other laboratory evi- 
dence” of organic heart disease. 

It is hoped that these findings will serve to stimulate further investigation 
along these lines. Recent work at this institution is continuing to afford support 
to the above formulation. The opportunity of studying such a large group is 

TABLE 3 


Axis deviation occurring after chest surgery 
(Each case with a deviation of axis showed a concurrent shift of the mediastinum) 


TYPE or COLLAPSE 

NUMDE2 Or CASES , 

RAD 

LAD 

Thoracoplasty left 

10 

2 

8 

Thoracoplasty right 

10 

5 

5 

Lobectomy 

8 

1 

0 

Pneumonectomy 

3 

1 

1 


RAD = right axis deviation. 
LAD = left axis deviation. 


definitely unique, and the current policy of including an electrocardiographic 
tracing as part of the routine admission examination record at this hospital is 
expected to bear fruit over the next several y’ears. Further correlative studies 
on this series now in progress include amplitude measurements of various phases 
of the complexes and tabulation of P-wave changes. These findings will be 
reported subsequently. 

SUMMARY 

1. A correlation study was attempted between the clinical course and the 
electrocardiograms made before and after chest surgical procedures in 112 
patients. 

2. T-wave changes in Leads I and IV, of a type usually considered to indicate 
severe heart damage, were found to be present in 30 per cent of the entire series 
of patients. The changes, consisting of either an inversion of T t alone or in 
conjunction with an inverted T«, occurred in the complete absence of demon- 
strable heart disease. 

3. Arguments are offered to refute the assumption of the presence of coexistent 
myocardial damage in these patients. 

4. A plea is made for further investigation of the changes recorded. 
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SUMARIO 

Significativas Altcraciones Ekctrocardiogrdficas Conscculivas a la Cirugia Toracica 

1. Este estudio tuvo por mira correlacionar la evolucion clSnica y los electro* 
cardiogramas obtenidos antes y despufe de operaciones toracicas en 112 enfermos. 

2. En 30 por ciento de toda la serie de enfermos descubri€ronse modificaciones 
en las Derivaciones I y IV de la onda en T, en forma de inversidn de la Ti, va 
sola o unida a inversion de la T<, en ausencia completa de toda cardiopatfa 
observable. 

3. Ofr^cense argumentos para eonfutar la suposicidn de la coexistencia de 
alteraciones miocardtacas en estos enfermos. 

4. Abdgase por que continuen las investigaciones de las alteracionesdescritas. 
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STREPTOMYCIN -TUBERCULOSIS RESEARCH PROJECT OF THE 
AMERICAN TRUDEAU SOCIETY 1,2 - 1 * 3 ’ 4 

A Summary Report 

H. McLEOD RIGGINS 5 axd II. CORWIN HINSHAW* 
INTRODUCTION 

In the fall of 1946, after it had been demonstrated (1, 2, 3, 4, S, 9) that strep- 
tomycin had definite therapeutic potentialities in the treatment of clinical tu- 
berculosis, the manufacturers of streptomycin donated a large quantity to the 
American Trudeau Society for expansion of clinical research. The primary pur- 
pose of the investigation was to explore the integration of streptomycin therapy 
with other therapeutic procedures in the treatment of pulmonary types of the 
disease. Although much had already been learned concerning the limitations 
and therapeutic potentialities of streptomycin in the treatment of tuberculosis, 
nevertheless there still remained many questions only partially- answered. Some 
of the major problems were: ( 1 ) determination of the types of pulmonary tuber- 
culosis most likely to benefit from the use of streptomycin; (5) the most satis- 
factory methods and frequency of treatment; (5) the optimum daily dosage; (4) 
the optimum duration of treatment; (5) the most timely integration of strep- 
tomycin noth other therapeutic procedures, especially- collapse therapy and lung 
resection; (6) the determination of the incidence and clinical significance of the 
emergence of strains of tubercle bacilli less sensitive to the drug and how this 
phenomenon might be delayed, minimized or prevented; (?) the incidence, 
severity, clinical significance and, if possible, the prevention of serious toxic mani- 
festations, particularly deafness and vestibular dysfunction; and (5) relapse of 
the disease. 

The Executive Committee of the American Trudeau Society designated a group of 
clinical and laboratory- investigators, who later functioned ns Clinical and Laboratory 
Chemotherapy Subcommittees of the Committee on Medical Research and Therapy, 
to collaborate in carrying out studies on the above and other problems. Members of the 
Clinical Chemotherapy Subcommittee were: Dr. J. Bums Amberson, New York, New 

1 The full report, including chapters by those participating in the project and by others 
on certain fundamental aspects of the problem, is now being compiled and edited for publi- 
cation in book form by the National Tuberculosis Association. 

- For previous report refer to II. McLeod Riggins and II. Corwin Ilinshaw, The .Strepto- 
mycin-Tuberculosis Research Project, American Trudeau .Society, Am. Ilcv. Tubere., 1017, 
56, 16S. 

3 This study was aided by grants from t lie Division of Research Grants and Fellowships 
of the National Institute of Health, U. S. Public Health Service and from the Medical 
Research Committee of the National Tuberculosis Association. 

* The streptomycin was generously donated by Abbott Laboratories, Eli Lilly and Co., 
Merck and Co., Inc., Clins. Pfirer and Co., Ii. R. Squibb Sons, and The Upjohn Company. 

* Present (1917-191S) and previous (1010-3017) Chairmen of the Subcommittee on 
Chemotherapy, Committee on Medical Research and Therapy, American Tmdcati Society. 
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York; Dr. Emil Bogen, Olive View, California; Dr. H. Corwin Hinshaw, Rochester, Minne- 
sota (Chairman 1946-1947); Dr. Kirby S. Howlett, Jr., Shelton, Connecticut; Dr. Walsh 
McDermott, New York, New York; Dr. Edward N. Packard, Trudeau, New York; 
Dr. H. McLeod Riggins, New York, New York (Chairman 1947-1948) ; and Dr. H. Stuart 
Wiilis, McCain, North Carolina. 

§5 Members of the Laboratory Chemotherapy Subcommittee vrere: Dr. Emil Bogen, 
Olive View, California; Dr. H. Corwin Hinshaw, Rochester, Minnesota; Mr. William 
Steenlcen, Jr., Trudeau, New York; Dr. H. Stuart Willis, McCain, North Carolina; Dr. 
C. Eugene Woodruff, Northville, Michigan; and Dr. Guy P. Youmans, Chicago, Illinois 
(Chairman). 

In order to coordinate the laboratory studies in connection with the project and to 
ensure more adequate facilities and uniform procedures, three district laboratories were 
designated at: Olive View Sanatorium, Olive View, California, Dr. Emil Bogen, Director; 
Trudeau Sanatorium, Trudeau, New York, Mr. William Steenken, Jr., Director; and 
Northwestern University Medical School, Chicago, Illinois, Dr. Guy P. Youmans, 
Director. 

The present communication is in no way to be construed as a comprehensive 
report covering the studies of the individual investigators, but rather as a report 
in summary form including discussions and tentative opinions with regard to 
some of the more important aspects of the study. A comprehensive report, in- 
cluding chapters by the individual investigators and more extensive tabular and 
graphic data, will be published in book form at an early date by the National 
Tuberculosis Association. 


OBSERVATIONS 

Clinical Material 

A total of 5G6 patients were studied between September, 1946 and January, 
1948. Information on these patients was obtained from the eight investigators 
through the medium of questionnaires. A comprehensive statistical analysis 
was carried out on the pertinent findings in 332 patients with pulmonary tuber- 
culosis who had completed streptomycin therapy and had been observed for at 
least 90 days after the beginning of treatment. Reports on the remaining 234 
patients are not included in the present analysis because they were either treated 
for less than 30 daj's, had been observed for less than 90 days after the beginning 
of treatment (at the time the questionnaires were returned), had received less 
than 0.5 Gm. of streptomycin daily, or were patients with meningeal or miliary 
tuberculosis or had some type of extrapulmonary tuberculosis only. 

Of the 332 patients with pulmonary tuberculosis reported on at this time, 17 
had minimal, 118 moderatety advanced and 197 far advanced disease. Eighty 
per cent of these patients were stated by the investigators to have predominantly 
acute or subacute disease, and the remainder predominantly chronic disease at 
the beginning of streptomycin treatment (figure 1). 

One hundred seventy-seven of these 332 patients with pulmonary tuberculosis 
had a total of 204 known tuberculous complications. The principal compli- 
cations were: (1) tracheobronchial and laryngeal tuberculosis, 125; (2) lymph 



142 


RIGGINS AND HINSHAW 


node and sinus tract tuberculosis, IS; (S) intestinal tract tuberculosis, 16; (4) 
bone and joint tuberculosis, 13; (5) genito-urinary tract tuberculosis, 10; and 
(G) miscellaneous complications, 22. 

Grouping of the 332 patients according to race, sex, and age showed the fol- 
lowing: white, 262; Negro, 36; other, 34; female, 200; male, 132. Sixty-six per 
cent of the patients were between 20 and 39 years of age. 



Fig. 1. Clinical types of disease, at beginning of streptomycin therapy, in 332 patients 
with pulmonary tuberculosis (according to regimen). 


Rtsimcn 

Duration of 

Treatment 

(days) 

Daily Da sage 
Streptomycin 
(grams) 

A 

30 to S9 

0.5 to 1.4 

B 

30 to S9 

1.5 to 3.0 

C 

90 or over 

0.5 to 1.4 

D 

90 or over 

1.5 to 3.0 


Relationship of Streptomycin Efficacy to the Type and 
Extent of Pulmonary Pathology 

Before considering the comparative therapeutic advantages and limitations of 
different streptomycin regimens, consideration should be given to the more im- 
portant basic factors which significantly influence or largely determine the thera- 
peutic potentialities of any antibacterial drug in tuberculosis. These factors are 
the character and extent of the predominant tuberculous disease, the resulting 
physiologic abnormalities, the immediate and remote potentialities of the disease, 
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the native and acquired resistance of the patient, and other factors which may 
significantly limit the successful application of a comprehensive and properly 
integrated therapeutic program. The mechanism of action of streptomycin in 
inhibiting the disease process affords additional insight into the potentialities and 
limitations of streptomycin. 

The beneficial effect of streptomycin in tuberculosis is dependent upon its 
interference with the growth and multiplication of streptomycin-sensitive strains 
of M. tuberculosis (5). Streptomycin apparently does not directly enhance 
tissue repair but it probably does favorably influence the tempo and quality of 
repair by inhibiting the growth and multiplication of tubercle bacilli. Assuming 
this to be true, it would be expected that the response of the tuberculous lesion 
to streptomycin would be fundamentally related to the characteristics of the 
pathology and the patient’s ability to cope with his disease. It has been shown, 
experimentally and clinically, that streptomycin is more effective against rela- 
tively early acute and subacute lesions, in which the extent and degree of case- 
ation is limited, than it is against confluent and rapidly caseating and liquefying 
tuberculous pneumonias, or against extensive chronic fibrocaseous and cavernous 
disease. Under certain circumstances, therefore, streptomycin appears to bring 
into favorable balance resistance and repair over susceptibility and destruction. 
In view of the mechanism by which streptomycin appears to affect certain tuber- 
culous lesions beneficially, it cannot be expected that the drug will exert a direct 
favorable influence on such irreversible pathological lesions as extensive case- 
ation and fibrosis. It may logically be expected, however, that streptomycin 
can favorably influence the behavior of some pulmonary cavities, especially those 
which tend to increase in size as the result of progressive inflammation, case- 
ation, and liquefaction, or certain of those whose size and behavior are influenced 
by acute and ulcerative tuberculous bronchitis. If the behavior of the pulmo- 
nary cavity is related to an active tuberculous bronchitis, healing of the bronchial 
disease and the re-establishment of normal bronchial function, as a result of 
streptomycin therapy, may significantly aid closure and healing of the cavity. 

These fundamental factors, often minimized or overlooked entirely, play a 
more decisive role in the degree of therapeutic effectiveness of streptomycin and 
the ultimate outcome of the issue than do the often overemphasized differences 
in total daily dosage or duration of treatment, as important as these latter factors 
are. In this connection, it should be stressed that in advanced progressive 
chronic tuberculosis the present clinical and roentgenologic methods for determin- 
ing the different types of . pathological processes in their true proportions, and 
classifying them, are relatively crude and inaccurate at best. The effect of 
streptomycin has frequently emphasized the limitations of these methods. Fre- 
quently, disease presumed to be predominantly caseous and at other times pre- 
dominantly productive undergoes marked resolution and clearing and, perhaps 
equally often, disease presumed to be largely inflammatory in nature proves to 
be caseous. The practical difficulties, therefore, of choosing essentially com- 
parable types of disease, particularly from the point of view of the effect of a 
chemotherapeutic agent, in equal proportions in different regimens become clear. 
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Fig. 2. Individual investigators’ estimate of the efficacy of streptomycin, in relation to 
the predominant type of disease, in 332 patients with pulmonary tuberculosis, observed 
from six to ten months after the beginning of treatment. 

* Percentages based upon 218 patients with demonstrable cavities at the beginning of 
streptomycin treatment. 

** Percentages based upon 2S4 patients with sputum or gastric lavage contents positive 
for tubercle bacilli. 


It is equally obvious that erroneous conclusions may be drawn if the differences 
in the results obtained are solely attributed to the differences in regimens used. 
This is especially true if small numbers of patients are involved. 






STREPTOMYCIN-TUBERCULOSIS RESEARCH PROJECT 


145 


An attempt was made to evaluate the therapeutic effect of streptomycin on 
the different clinical types of disease in 332 pat ients with pulmonary tuberculosis 
classified by the investigators as predominantly acute or subacute and predomi- 
nantly chronic. The results are shown in figure 2. The effectiveness of the 
antibiotic on the three types of disease was measured in terms of: ( 1 ) clinical im- 
provement, (2) rocntgcnographic improvement, (S) closure of cavities, (4) “con- 
version of sputum,” and (o) over-all marked improvement. In general, the 
therapeutic effectiveness of streptomycin was striking!}' greater in patients 
with recent and presumably acute exudative disease. The drug also appeared 
to be more effective against subacute than against chronic disease. The degree 
of its effectiveness against subacute disease, however, was not as consistent or 
striking as against the more recent and acute exudative disease. The least bene- 
ficial effects were noted in patients with extensive predominantly chronic disease. 

One of the significant limitations of streptomycin, with regard to all three 
types of disease, and irrespective of the regimen used, was emphasized by the 
similarity of the sputum findings. There was no significant difference found in 
“sputum conversion” in the different types of disease. 

As the degree of effectiveness of streptomycin is fundamentally related to the 
type and extent of pathology, and ns it appears to be least effective against ex- 
tensive chronic disease, it should not be anticipated that streptomycin and bed- 
rest alone would bring about arrest of the disease in the great majority of pa- 
tients with advanced chronic cavitary tuberculosis. 


Streptomycin Regimens 

None of the investigators was restricted to the exploration of a single regimen 
and as a rule each investigator used several different regimens. A few investi- 
gators explored many regimens. Because of the multiplicity of regimens em- 
ployed it was impossible to evaluate all of them individually. Therefore, for 
statistical comparison of four basic regimens, the 332 patients with pulmonary 
tuberculosis who were observed for at least ninety days after the beginning of 
treatment were arbitrarily divided into four groups. 


Regimen A . Patients treated for 30 to S9 days, with a daily dosage of strepto- 

124 patients mycin varying from 0.5 Gm. to 1.4 Gm. 

Regimen B. Patients treated for 30 to S9 days, with a daily dosage of strepto- 

46 patients mycin varying from 1.5 Gm. to 3.0 Gm. 

Regimen C. Patients treated for 90 days or over, with a daily dosage of strepto- 

S9 patients mycin varying from 0.5 Gm. to 1.4 Gm. 

Regimen D. Patients treated for 90 days or over, with a daily dosage of strepto- 

73 patients mycin varying from 1.5 Gm. to 3.0 Gm. 

The most important facts brought out in table 1 are: (1) Of the 213 patients receiving 
daily dosages varying from 0.5 Gm. to 1.4 Gm., 14S (70 per cent) received 1.0 Gm. daily. 
(2) Of the 119 patients receiving daily dosages varying from 1.5 Gm. to 3.0 Gm., only 10 
(8 per cent) received 3.0 Gm. daily. In the evaluation of results according to regimens 
it is important to bear in mind the fact that a great majority of the patients in regimens 
A and C received a daily dosage of 1.0 Gm. and in regimens B and D only a few patients 
^received 3.0 Gm. daily. 
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TABLE 1 


Breakdown of total patients in each regimen according to average daily dosage 


AVERAGE DAILY DOSAGES 

REGIMEN A 
NUMBER OF 
PATIENTS 

REGIMEN B 
NUMBER OF 
PATIENTS 

REGIMEN C 
NUMBER OF 
PATIENTS 

REGIMEN D 
NUMBER OF 
PATENTS 

0.5 Gm 

12 

— 

s 



0.6 to 0.9 Gm 

12 

— 

10 

— 

1.0 Gm 

94 

— 

54 

— 

1.1 to 1.4 Gm 

6 

— 

17 

— 

1.5 to 1.9 Gm 

— 

13 



34 

2.0 to 2.9 Gm 

— 

24 

— 

3S 

3.0 Gm 

— 

9 

— 

1 

Total 

124 

46 

89 

73 


To evaluate different regimens providing different durations of treatment with 
accuracy, it is essential to have the results analyzed at the end of cojnparahlc 
periods of time after the beginning of streptomycin therapy. In this study, re- 
sults obtained in the treatment of patients with regimen A were analyzed an 
average of 182 days after the beginning of treatment; with regimen B, an aver- 
age of 243 days after the beginning of treatment; with regimen C, an average of 
264 days after the beginning of treatment; and with regimen D, an average of 
294 days after the beginning of treatment. 

Any suggestions, trends, or tentative opinions gained from such an anafysis as 
this must of necessity be considered in the light of the inherent and obvious 
deficiencies of this and similar cooperative studies involving a number of in- 
vestigators. This project does have certain qualities to recommend it, however, 
a few of which might be noted. The investigation represents the combined 
thinking and efforts of a coordinated national group of clinical and laboratory 
investigators associated with representative medical schools and tuberculosis 
teaching centers. The clinical material consists of a wide sampling of pulmo- 
nary tuberculosis from the point of view of the different types of disease, age, 
race, and sex of the patients treated in widely separated sections of the country. 
All information and opinions concerning individual patients, including evalu- 
ation of results, are entirely those of the individual investigators. The com- 
piling and tabulating of the statistical material were carried out by Dr. Carroll 
E. Palmer and Mrs. Shirley H. Ferebee and their staff of the U. S. Public Health 
Service. None of this group had an official connection with the streptomycin 
study of the American Trudeau Society. Finally, the number of patients ob- 
served was considerably larger than could have been studied by a single investi- 
gator at the time and is considered sufficiently large to be of statistical 
significance. 

Evaluation of Streptomycin Regimens 

Evaluation of the results obtained on the four regimens is based upon the 
reports of the individual investigators concerning clinical and roentgenographic 
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findings, closure of cavities, “conversion of sputum,” estimates of the over-all 
therapeutic effect of the drug, toxic manifestations of streptomycin, emergence 
of strains of tubercle bacilli less sensitive to streptomycin, and relapse of the 
disease. As the results could have been partially affected by such other thera- 
peutic procedures as bed-rest and collapse therapy, the value of streptomycin 
was estimated in each instance by the physician treating the patient. 
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Fig. 3. Clinical condition, at most recent examination, of 332 patients with pulmonary 
tuberculosis observed from six to ten months after start of streptomycin, in comparison 
with beginning of treatment (according to regimen). 


Regimen 

Duration of 

Treatment 

Daily Dosage 
Streptomycin 


(days) 

(grams) 

A 

30 to 89 

0.5 to 1.4 

B 

30 to 89 

1.5 to 3.0 

C 

90 or over 

0.5 to 1.4 

D 

90 or over 

1.5 to 3.0 


Daily Dosage and Duration of Treatment 

Despite the fundamental factors which influence the effectiveness of strepto- 
mycin, a comparison of the results obtained on the four different regimens appears 
to indicate some relationship between the size of the daily dosage and the thera- 
peutic results attained. Moreover, a similar though less definite relationship 
appears to exist between the duration of treatment and the therapeutic results. 
It is to be re-emphasized, however, that the relationship which appears to exist 
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between therapeutic results and daily dosage may be more apparent than real, 
because of the difference in the percentage distribution of the clinical types of 
cases treated in the four regimens (figure 1) and for the other reasons previously 
mentioned. 

Clinical improvement: As may be seen in figure 3, clinical improvement oc- 
curred in 86 per cent of the patients receiving the larger daily dosages (1.5 Gm. 
to 3.0 Gm., regimens B and D) in contrast to 65 per cent of the patients who 



Fig. 4. Condition, according to most recent roentgenological findings, of 332 patients 
with pulmonary tuberculosis observed from six to ten months after start of streptomycin, 
in comparison with beginning of treatment (according to regimen). 


Regimen 

Duration oj 

Treatment 

(days) 

Daily Dosage 
Streptomycin 
(grams) 

A 

30 to S9 

0.5 to 1.4 

B 

30 to 89 

1.5 to 3.0 

C 

90 or over 

0.5 to 1.4 

D 

90 or over 

1.5 to 3.0 


received the smaller daily dosages (0.5 Gm. to 1.4 Gm., regimens A and C). 
Clinical improvement seems related much less to duration of treatment, in so far 
as a comparison of the two periods of treatment used (30 to S9 days, and 90 days 
or over) is concerned. In the patients receiving treatment for the longer periods 
of time (90 days or over, regimens C and D) 7S per cent showed clinical improve- 
ment, while in the patients receiving treatment for the shorter periods of time 
(30 to 89 days, regimens A and B) 66 per cent showed clinical improvement. 
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Roentgenographic improvement: The frequency and degree of the over-all 
roentgenographic improvement seem to be related to the total daily dosage 
(figure 4). This is shown by comparing the results obtained on regimens A and 
B, C and B, and C and D. In each instance it will be seen that the best results 
were obtained in patients receiving the larger daily* dosages. Comparatively 
better results were obtained on regimen B than on regimen C, even though pa- 
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Fig. 5. Closure of one or more cavities, during and after streptomycin therapy, in 218 
patients with pulmonary tuberculosis observed from six to ten months after the beginning 
of treatment (according to regimen). 

(Only 21S of the 332 patients had demonstrable cavities at the beginning of strepto- 
mycin therapy.) 
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90 or over 
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90 or over 

1.5 to 3.0 


tients on the latter regimen were treated for a longer period of time. Roentgeno- 
graphic improvement was noted in 82 per cent of the patients receiving the larger 
daily dosages (regimens B and D) and in 54 per cent of the patients receiving 
the smaller daily dosages (regimens A and C). The over-all roentgenographic 
improvement seems also to be related, but to a much less extent, to the duration 
of treatment. This is shown by comparing the combined results obtained on 
regimens A and B with the combined results on regimens C and D. Roentgeno- 
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graphic improvement was noted in 72 per cent of the patients receiving treat- 
ment for the longer periods of time (90 days or over, regimens C and D), and in 
56 per cent of the patients who received treatment for the shorter periods of 
time (30 to 89 days, regimens A and B). 

Closure of cavities: In general, the study revealed that the same relationship 
appears to exist between the closure of cavities and the total daily dosage and 
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Fig. 6. Conversion of sputum from positive to negative for tubercle bacilli, during or 
after streptomycin therapy, in 2S4 patients with pulmonary tuberculosis observed from 
six to ten months after the beginning of treatment (according to regimen). 

(The remaining 4S patients had recently had sputum or gastric lavage contents positive 
for tubercle bacilli.) 
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Daily Dosage 
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(days) 
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A 

30 to 89 

0.5 to 1.4 

B 
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1.5 to 3.0 

C 

90 or over 

0.5 to 1.4 

D 

90 or over 

1.5 to 3.0 



duration of treatment as was found in analysis of the over-all roentgenographic 
and clinical improvement (figure 5). That is to say, the closure of one or more 
cavities occurred in G2 per cent of those patients who received the larger daily 
dosages of streptomycin in contrast to 34 per cent in the patients receiving the 
smaller daily dosages. Closure of one or more cavities occurred in 51 per cent 
of patients receiving treatment for the longer periods of time (90 days or over, 
regimens C and D), while it occurred in 36 per cent of the patients receiving 
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treatment, for the shorter periods of time (30 to 89 days, regimens A and B). 
Follow-up of some of these patients, however, has shown that cavities which 
disappeared on the chest roentgenogram or were apparently closed have re- 
opened. Such findings provide support for the opinion that streptomycin is 
usually not a definitive form of therapy, especially for the more destructive and 
chronic types of tuberculosis. If durable results arc to be obtained, it is always 
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Fig. 7. Individual investigators’ estimate of the over-all efficacy of streptomycin in 332 
patients with pulmonary tuberculosis, observed from six to ten months after the beginning 
of treatment (according to regimen). 
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essential to supplement streptomycin with bed-rest and frequently noth some 
form of collapse therapy or occasionally lung resection. 

Conversion of sputum”: The disappearance of tubercle bacilli from the sputum 
occurred more frequently in the patients receiving the larger daily dosages of 
streptomycin (63 per cent) than in the patients receiving the smaller daily dos- 
ages (38 per cent). Reversal of infectiousness also appears to be related to the 
duration of treatment. In the patients receiving treatment for the longer periods 
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of time (90 daj^s or over) “sputum conversion” occurred in 5S per cent, while in 
the patients treated for the shorter periods of time (30 to S9 daj-s) “conversion” 
occurred in 36 per cent. 

The unusually high percentage of “sputum conversions” in all regimens may 
be partially explained by the fact that “conversion” of sputum in this series of 
patients was based upon the results of the last sputum examination and in many 
instances the type of examination wab by concentration method. The high per- 
centages of “sputum conversion” would probably be much lower if they were 
based upon repeated examination by culture or animal inoculation. 

The follow-up of certain patients whose sputum was “converted” shows that 
not infrequently the sputum again becomes positive for tubercle bacilli. It is 
believed that the increment of reopened cavities and the return of infectiousness 
may increase significantly with the passage of time following completion of strep- 
tomycin therapy, particularly if other therapeutic procedures are not properly 
applied at the opportune time. It should be borne in mind that the results were 
evaluated from 182 to 294 days after the beginning of streptomycin treatment. 

The consistency of the relationship between the total daily dosage and thera- 
peutic results and, to a less degree, between the duration of treatment and thera- 
peutic results is still further suggested b 3 r the reports of the individual investi- 
gators of the estimated over-all therapeutic effects of streptomycin obtained on 
the four regimens (figure 7). 

Sensitivity of Tubercle Bacilli to Streptomycin before, during and after Completion 

of Therapy 

It has been well established by mans’- workers that human strains of M. tuber- 
culosis which have not been previous^ exposed to streptomycin are sensitive 
in vitro to low concentrations of the antibiotic. Studies have also shown that a 
high percentage of strains of tubercle bacilli become less sensitive to streptomycin 
in proportion to the duration of exposure to the drug. It has occasionally been 
noted that organisms still sensitive to streptomycin at the completion of treat- 
ment may become less sensitive at some later date and that the degree of “drug 
fastness” present at the end of treatment may actually increase following cessa- 
tion of treatment. It is important, therefore, to determine the sensitivity of 
the organisms routinely before retreatment is undertaken. 

The possibility of the existence of a relationship between the daily dosage 
of streptomycin and the rapidity and frequency of the emergence of significantly 
resistant strains during treatment (10 or more y of streptonycin per ml.) has 
potential implications concerning optimum daily dosage. The few data avail- 
able regarding' this possible relationship will be presented. It is also possible 
that the simultaneous use of certain tuberculostatic agents with streptomycin 
may perhaps dcla 3 r or decrease the emergence of streptom 3 ’cin-resistant organ- 
isms. Should further studies along this line prove encouraging, large scale 
trials of combined chemotherapy would seem definitely warranted for the pur- 
pose of clarifying this question. A few such studies are already under way. 

A limited amount of information concerning the emergence of less sensitive 
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strains of tubercle bacilli during streptomycin therapy is available from this 
study. As there is increasing evidence that in vitro resistance is indicative 
also of in vivo resistance and that microorganism resistance of ’10 or more y 
of streptomycin per ml. is of some clinical significance, data will be presented 
only on those patients whose tubercle bacilli became resistant to 10 or more y of 
streptomycin. Reliable data concerning microorganism sensitivity during strep- 
tomycin treatment are available on 159 of the 332 patients in the series. Data on 
the remaining patients are incomplete for various reasons but largely because 
bacilli were not available for testing at the completion of treatment. 

Of the 159 patients, 5G (35.2 per cent) are known to have discharged tubercle 
bacilli resistant to 10 or more y of streptomycin per ml. at various periods of 
time after the beginning of treatment. Of 17 patients whose bacilli were studied 
for streptomycin sensitivity one to 30 days after the start of treatment, 2 (11.7 
per cent) had organisms resistant to 10 or more y per ml.; of 40 patients whose 
organisms were studied 31 to GO days from the start of treatment, 12 (30 per 
cent) had organisms resistant to 10 or more y per ml.; of 27 patients whose 
bacilli were studied 61 to 90 days after the start of treatment, 12 (44.4 per cent) 
had organisms resistant to 10 or more y per ml.; of 23 patients whose bacilli 
were studied 91 to 120 days after the start of treatment, 12 (52.2 per cent) had 
organisms resistant to 10 or more y per ml.; and of 52 patients whose bacilli 
were studied 121 days or later after the start of treatment, 18 (34.G per cent) 
had organisms resistant to 10 or more y per ml. In the remaining 103 patients 
(64.9 per cent) studied periodically during part of the treatment period, the 
sputum either became negative or the organisms remained sensitive to less than 
10 y of streptomycin per ml. It is believed that, if it were possible to determine 
the streptomycin sensitivity of tubercle bacilli in all patients at the end of pro- 
longed treatment, there would be a much greater incidence of significantly 
resistant strains than indicated above. 

These data are too few to permit a precise analysis of the relation of the 
length of treatment to either the incidence or the time of appearance of drag- 
resistant strains of tubercle bacilli. Nevertheless, examination of the data does 
reveal that the emergence of what appear to be significantly resistant strains 
(resistant to 10 or more y streptomycin per ml.) did occur in a fairly high 
percentage (35.2 per cent) of the patients. 

Possibly of equal importance is the fact that there appears to be some rela- 
tionship between the total daily dosage and the rapidity of emergence of organ- 
isms resistant to at least 10 y of streptomycin per ml. Although the number of 
patients in this group is too small to have statistical significance, nevertheless 
it is of interest to note that the emergence of organisms resistant to 10 y and 
over per ml. was more rapid in patients receiving the larger daily dosages of 
streptomycin (1.5 Gm. to 3.0 Gm., regimens B and D) than in patients receiving 
the smaller daily dosages (0.5 Gm. to 1.4 Gm., regimens A and C) (figure 8). 
It is probably of equal importance, however, to note that a greater percentage of 
patients who received the smaller daily dosages showed emergence of strains 
resistant to 10 or more y per ml. Of the 85 patients receiving the smaller daily 
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dosages, 35 (41.2 per cent) had organisms resistant to 10 or more y per ml. at 
different periods of time after the start of treatment, and of the 74 patients 
receiving the<larger daily dosages, only 21 (28.4 per cent) had organisms resistant 
to 10 or more y per ml. after beginning of treatment. 

These data would seem to pose another question with regard to optimum daily 
dosage. Considered only in the light of the rapidity of emergence of organisms 
significantly resistant to streptomycin, it might be assumed, if these findings 



1-30 31-60 61-90 91-120 121 & OVER 

NUMBER Or DAYS FROM START OF TREATMENT 
Fig. S. Emergence of strains of tubercle bacilli resistant to 10 or more y of streptomycin 
per ml., in relation to duration of treatment and average daily' dosage. 

are confirmed, that an advantage of smaller daily dosages is that they pre- 
sumably cause the emergence of significantly resistant organisms less rapidly 
than do larger daily dosages. For the group of 56 patients whose microorgan- 
isms were resistant to 10 or more y of streptomycin per ml., the monthly percen- 
tages 6 and the cumulative percentage of emergence of this degree of drug-resis- 
tance are shown in figure 8. 

* Sensitivity tests were done periodically from start of treatment. 
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Fig. 9. Toxic manifestations encountered in 332 patients with pulmonary tuberculosis, 
according to average daily dosages of streptomycin. 


Toxic manifestations: The frequency and severity of toxic manifestations 
•were consistently greater in the patients receiving the larger daily dosages of 
streptomycin (1.5 Gm. to 3.0 Gm., regimens B and D) than in the patients re- 
ceiving the smaller daily dosages (0.5 Gm. to 1.4 Gm., regimens A and C) (figure 
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9). Named in the order of their importance and frequency, the toxic manifesta- 
tions encountered in this series were: vestibular dysfunction; eosinophilia; nausea 
and vomiting; evidence of renal irritation or damage which was usually transient 
(severe renal damage due primarily to streptomycin was not encountered); 
dermatitis; and drug pyrexia. In the great majority of instances toxic mani- 
festations were reversible, labyrinthine dysfunction usually being either reversible 
or compensated for in almost all cases. Permanent deafness due to streptomycin 



Fig. 10. Relapse of the disease, during or after streptomycin therapy, in 332 patients 
with pulmonary tuberculosis observed from six to ten months after the beginning of treat- 
ment (according to regimen). 


Regimen 

Duration of 

Treatment 

(days) 

Daily Dosape 
Streptomycin 
(grams) 

A 

30 to S9 

0.5 to 1.4 

B 

30 to S9 

1.5 to 3.0 

C 

90 or over 

0.5 to 1.4 

D 

90 or over 

1.5 to 3.0 


was not reported by the investigators in this series of pulmonary tuberculosis 
patients. 

In the last analysis, determination of the optimum total daily dosage is based 
upon the possible degree 'of therapeutic effectiveness, on the one hand, and the 
possible severity of the toxic effects, on the other. Within certain limits, the 
selection of the optimum daily dosage is related to the threat of the disease 
versus the potential untoward toxic effects. For example, it might be pointed 
out that it is better to use a relatively large dosage of streptomycin and cure a 
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tuberculous meningitis, even though deafness supervenes, than to use, in at- 
tempting to avoid toxic effects, ineffective dosage and lose the patient. The 
same reasoning does not always apply, however, with regard to the use of larger 
daily dosage (20 to 40 mg. per kilogram of body weight) for many patients 
with pulmonary tuberculosis. In these patients the threat of the disease to 
life is usually not as definite and immediate, nor is streptomycin therapy defini- 
tive but must usually be accompanied by other therapeutic procedures if durable 
results are to be achieved. It is strongly believed that the optimum daily dosage 
cannot be generalized but must be individualized, as in other drug therapy. 

Relapse: Durable clinical results are the prime objective in the successful 
treatment of tuberculosis and the achievement of this objective, or lack thereof, 
may be construed as a measure of the effectiveness of a given therapeutic pro- 
cedure. The increment of relapses over a given period of time is one of the most 
important criteria of the effectiveness of therapy. 

Roentgenological relapse of the disease was determined by the individual 
investigators in the 332 patients in tills series (figure 10). As the percentage of 
relapse occurring in the four different regimens is cumulative and increases ac- 
cording to the length of time of observation from the beginning of therapy, it 
should be recalled that the four regimens were evaluated at different periods of 
time after the beginning of treatment. As patients on regimen D were observed 
for the longest period of time, the total increment of relapse should be the greatest 
in this group, unless this regimen was considerably more effective than any of the 
other three. The results in regimen D were evaluated approximately 100 days 
later than those in regimen A, and approximately one to two months later than 
those in regimens C and B. As the percentage of relapse is essentially the same 
for the four regimens, regimen D appears to be somewhat more effective in the 
prevention of relapse than the other regimens. 

DISCUSSION 

Although many problems concerning the most effective use of streptomycin 
in the treatment of pulmonary tuberculosis remain unsolved or only partially 
solved, a considerable amount of confirmatory and additional information has 
emerged since the American Trudeau Society streptomycin project was launched 
two years ago. Some of this information and better clarified concepts will be 
discussed. 

The objective: The ideal and ultimate objective of an over-all therapeutic 
program is the securing of lasting arrest of the disease, preservation of adequate 
pulmonary function, prevention of permanent physical or mental deficiencies, 
and the restoration to the family and community of an individual who is as 
capable of carrying on in a competitive society as he was before the development 
of tuberculosis. The objective of streptomycin therapy must of necessity, 
however, be more circumscribed and limited. Under certain conditions strep- 
tomycin therapy may play only a minor role but in others a vital or decisive 
role in the over-all therapeutic program. In general and specific terms what 
should be the primary objective of streptomycin therapy? In general, it may 
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be considered that the primary objective of streptomycin is to bring into favor- 
able balance vital resistance over susceptibilitj’- and dosage of organisms. Spe- 
cificalty, this is brought about by the inhibitor action of streptomycin on the 
tubercle bacillus. 

Several questions immediately arise concerning the possible attainment of 
the general and specific objectives of streptomycin therapy which are especially 
important in relation to duration of treatment. ( 1 ) How rapidly does strep- 
tomycin exert a significant antimicrobial effect in clinical tuberculosis? (2) 
Are different degrees of antimicrobial effect obtained? (3) What are some of 
the more important factors that limit streptonycin effectiveness? (4) How 
long should effective antimicrobial therapy be maintained? ( 5 ) How long can 
effective antimicrobial therapj r be maintained? (6) When and under what 
circumstances should other therapeutic procedures be used? 

With regard to the first question, factors related to the drug, the infecting 
organism and the patient are all involved. The pharmacology of streptomycin 
has been thoroughly investigated and is well documented. It is known that 
the drug is rapidfy absorbed into most of the body fluids but to what degree 
it is concentrated in different tj r pes of diseased and damaged tissue is not so 
well known. Just how rapidly the drug may exert a significant therapeutic 
effect upon pulmonary tuberculosis is dependent upon a number of factors, 
the most important of which are the type and extent of the disease. There 
is considerable evidence to show that therapeutic effect may be exerted quite 
rapidly under certain circumstances. For instance, rapid defervescence and 
disappearance of symptoms within forty-eight to seventy-two hours following 
the initial administration of streptomycin has been observed in patients acutely 
ill with high fever and other toxemic manifestations of recently developed 
tuberculous pneumonia. Rapid loss of symptoms referable to laryngeal, bron- 
chial, or intestinal tuberculosis has also been observed within a very short time 
after the beginning of streptomycin treatment. Probably the most dramatic 
therapeutic effect of streptomycin is that sometimes noted in patients until 
tuberculous meningitis. McDermott cl al. have reported upon the rapid thera- 
peutic effect of streptonycin in both acute generalized fyunphohematogenous 
tuberculosis and tuberculous pneumonia (8, 9). 

If the drug has a more rapid and also greater therapeutic effect upon acute 
disease of recent origin, it could be argued that the duration of treatment for 
this type of pulmonar 3 ” disease might be less than that for the subacute or more, 
chronic forms of pulmonary tuberculosis. Moreover, it seems logical to assume 
that the relative stability of chronic disease is indicative of a more favorable 
balance between resistance and susceptibility and number of infecting bacilli. 
The corollary of this is that acute progressive disense is evidence of a relative 
lack of resistance or the presence of overwhelming dosage of organisms or of 
both. Rich has pointed out that there is no such thing as “solid immunity” 
or resistance adequate to prevent spread of the infection provided the dosage of 
organisms is sufficient^ largo (10). This fact is frequent^' demonstrated Ly 
the patient with chronic cavernous disease whose sputum is teeming with 
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tubercle bacilli yet who suffers no, spread of disease for long periods of time until a 
brisk hemoptysis results in the aspiration of an overwhelming dose of bacilli 
into previously healthy areas of the lung with the development of tuberculous 
pneumonia. It may be concluded, therefore, that the presence of extensive, 
acute, predominantly exudative disease indicates a serious imbalance in the 
host-parasite relationship and is an important factor to be considered in the 
attainment of the objectives of streptomycin therapy. 

Although resistance to tuberculosis can be measured imperfectly at best, 
it is known that certain patients may have greater actual and potential capa- 
bilities of coping with their disease than others. Even though the immediate 
and particularly the remote potentialities of a given lesion cannot be measured 
accurately, some idea of the ability of the patient to overcome the disease may 
usually be estimated. In the final analysis, these fundamental factors of dosage 
of organisms, patient resistance, the type, extent, and immediate and remote 
potentialities of the disease, and the possible effective use of other therapeutic 
procedures serve as guides and principles in the final determination of the proper 
duration of streptomycin treatment. Thus the objectives of streptomycin 
therapy may be realized within three or four weeks in some patients, in two to 
three months in others, and in still others they may never be realized. 

Types of disease: The early clinical reports suggesting that recent acute 
exudative or lobular pneumonic lesions that have not progressed to extensive 
caseation respond exceedingly well to streptomycin have been confirmed by 
many investigators, notably those of the Veterans Administration, Army, Navy 
and the present group. At the January, 1948 meeting of the Chemotherapy 
Committee, Amberson and Stearns demonstrated illustrative cases of this type 
showing marked therapeutic effect of streptomycin. The comparative efficacy 
of streptomycin in different clinical types of disease is well shown in figure 2. 
Experience has also emphasized the fact that the earlier the drug is used for 
acute disease the more effective it is in the prevention of irreversible morphologic 
changes and consequent disturbances of function. It has also been the general 
experience that, despite rapid clearing of the acute inflammatory process, largely 
by resolution, many small presumably caseous and partially encapsulated foci 
remain. These residual foci may be the source of relapse or progression of the 
disease at some later date, particularly if adequate sanatorium or hospital 
treatment is not continued for a sufficient period of time. 

The large majority of patients with fairly extensive lobular pneumonic disease 
usually have cavities which may or may not be roentgenologically demonstrable. 
Probably for this reason, “sputum conversion” without some other treatment in 
addition to streptomycin, even in patients with acute disease who show striking 
improvement, is usually not attained with any greater degree of consistency 
than in patients who have more subacute or chronic types of disease. This 
is well shown in figure 2. 

Streptomycin has proved of great benefit in preparation of patients for thoraco- 
plasty who have extensive exudative disease in addition to cavity formation. 
It is believed that in many such patients the disease would have continued to 
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progress and surgery would probably not have become feasible without strepto- 
mycin. Several illustrative cases of this type were shown by the group from 
New York State Tuberculosis Hospitals 7 at the January, 194S Chemotherapy 
Committee meeting. Streptomycin has also been found to be of limited or 
considerable value in preparation of patients for surgery who have predominantly 
chronic fibrocaseous and cavernous disease with a subacute component and 
frequently a complicating tuberculous bronchitis. The partial, even though 
perhaps temporary, control of the more active pulmonary and bronchial disease 
is often sufficient to permit a relatively safe and effective surgical program. In 
addition, streptomycin may be of such marked benefit in patients with tuber- 
culous laryngitis or enteritis, with consequent improvement in the general con- 
dition, as to allow successful thoracoplasty or other surgical procedures. On the 
other hand, streptomycin usually has little or no decisive therapeutic value 
when used alone and directed against chronic types of cavernous disease without 
recent or exudative components, or in the absence of tuberculous laryngitis, 
tracheobronchitis or enteritis. 

Howlett and O’Connor have made detailed studies of the effect of strepto- 
mycin on chronic disseminated nodular tuberculosis of the lungs. At the meet- 
ing of the Chemotherapy Committee in January, 194S, they showed illustrative 
cases and pointed out that streptomycin may be strikingly effective in this type 
of chronic disease (11). 

Methods and frequency of administration: Experience during the past two 
years has definitely shown that parenteral streptomycin therapy gives the 
best results. As a result of animal experimentation (6) and later clinical ex- 
perience it was found unnecessary to administer the drug more often than twice 
daily, and once daily may be effective for certain patients. The maintenance 
of a high concentration of streptomycin in the blood is not necessary to achieve 
beneficial therapeutic results. A given daily dosage administered in four or 
five injections appears to cause more severe toxic reactions than the same amount 
administered once or twice daily. Streptomycin given by r inhalation or aero- 
solizntion is much less effective, even for disease of the mucous membranes 
of the respiratory tract, than when administered parenterally. Streptomycin 
given by mouth is usually ineffective and is not recommended. 

Daily dosage: Statistical data concerning the relative therapeutic effects of 
large versus small daily dosages have been presented above. These data would 
seem to indicate that the larger daily dosages resulted in more frequent as well 
as more marked improvement than the smaller daily dosages. It should be 
emphasized, however, that this finding appears to be somewhat at variance with 
the opinions and experiences of some of the individual investigators, including 
the writers, whose combined reports constitute the statistical data presented. 

t R a y Brook State Tuberculosis Hospital, Ray Brook, New York, Dr. Ilnrry A. Bray, 
Director; Homer Folks Tuberculosis Hospital, Oneonta, New York, Dr. Ralph Horton, 
Director; Hermann M. Big£S Memorial Hospital, Ithaca, Ncsr "\ork, Dr. N. Stanley 
Lincoln, Director; Mt. Morris Tuberculosis Hospital, Mt. Morris, Xcsv lock, Dr. Arthur 
M. Stokes, Director. 
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In an attempt to clnrif y this paradoxical finding the sources of probable clinical 
and statistical error have been sought and an endeavor made to evaluate their 
effects upon results obtained in the different regimens. Several factors, other 
than daily dosage, which may influence therapeutic results have already been 
discussed. Two important factors which significantly influence results in this 
series of patients are: ( 1 ) the unequal distribution of similar types of clinical 
material among the different, regimens, and ( 2 ) the relatively small number of 
patients on all regimens, but especially on regimen B (46 patients). 

Evaluation of the clinical material in each regimen shows that a much larger 
percentage of patients with predominantly acute disease are in regimens B and D 
than in A and C. The percentage distribution of acute disease in the four regi- 
mens is as follows: A, 36.3; B, 60.9; C, 40.4; and D, 52.1 (figure 1). It is gener- 
ally agreed that the best results from streptomycin are usually attained in pa- 
tients with recent acute, potentially reversible disease. This fact is strikingly 
shown in figure 2, in which it is seen that marked therapeutic improvement, 
measured in terms of clinical, roentgenographic, and over-all improvement, oc- 
curred approximately twice as often in patients with acute disease as in those 
with subacute disease. Moreover, improvement occurred from two and one- 
half to four times as often in patients with acute disease as in those with chronic 
disease. It is quite probable, therefore, that the superior results obtained in 
regimens B and D were more significantly related to the type of clinical material 
(predominantly acute disease) than to the difference in total daily dosage or the 
difference in duration of treatment. In this connection it should be recalled 
that results in regimen C were not as favorable as those in regimen B although 
patients on the former regimen were treated for the longer period of time. It is 
reasonable to assume, therefore, that the superior results on regimen B, as com- 
pared with those observed in the patients on regimen C, were most probably due 
to the larger percentage of patients with acute disease on regimen B, and to a less 
extent to the larger daily dosage given to the patients on this regimen. To 
recapitulate, it may be said that the most significant factors affecting results in 
this series of patients are: ( 1 ) the predominant type of clinical material treated 
with the individual regimens, (8) the total daily dosage, ( 8 ) the duration of 
treatment, and (4) the emergence of drug-resistant organisms, a phenomenon 
which is undoubtedly of the greatest significance in limiting the effectiveness 
of prolonged streptomycin treatment. 

Duration of treatment: Before deciding upon the duration of streptomycin 
therapy for the individual patient, it is essential to consider the objectives, 
possibilities, and limitations of drug therapy. Effective antibacterial therapy 
is related to multiple factors, some primarily concerned with the patient, some 
with the disease, and others with the bacillus and the drug. It is also essen- 
tial, in considering the duration of streptomycin treatment, to formulate an 
over-all therapeutic program that effectively integrates streptomycin therapy 
with other procedures. 

. ^ ft were possible to eradicate all infection and there were no contraindica- 
tions, it would be desirable under certain circumstances to continue streptomycin 
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therapy for whatever time required for the elimination of all viable organisms. 
As this is not possible and as there are a number of factors limiting the duration 
of effective therapy, the period of treatment selected for different types of 
pulmonary tuberculosis must be a compromise. The best compromise can be 
ascertained only after establishing a definite objective and careful weighing of 
all factors involved, immediate, remote and potential. 

Emergence of streptomycin-resistant tubercle bacilli: Once the forces of vital 
resistance have become favoraMy balanced over dosage of organisms as a result 
of streptomycin therapy, the question arises as to how long should streptomycin 
be continued. If “drug-fast” organisms did not replace sensitive organisms in 
proportion to the duration of treatment and provided the drug produced no 
toxic effects, it probably would be wise to continue its use for an indefinite period 
of time on the principle that other therapeutic measures are used, namely, until 
the disease is well arrested. By adjusting the dosage of streptomycin on a basis 
of milligrams per kilogram of body weight, serious toxic effects usually can be 
avoided. It is not possible at present, however, to prevent the emergence of 
resistant strains of organisms, although there is some evidence to suggest that 
this occurrence may be delayed or reduced as a result of the simultaneous use of 
combined chemotherapy. It also appears that organisms become “drug-fast” 
regardless of the method or frequency of administration or the total daily 
dosage given. It has been well established that “drug-fastness” is definitely 
related to duration of treatment and that the incidence of resistant strains 
increases with prolongation of treatment. Organisms rarely become “drug-fast” 
before the end of the first month of streptomycin therapy. Usually, however, 
75 to SO per cent of patients discharge significantly “drug-fast” organisms by the 
end of the third or fourth month of treatment. 

As streptomycin is usually essentially ineffective after the organisms become 
“drug-fast” and in view of the fact that pulmonary tuberculosis is characteris- 
tically a relapsing disease, the tremendous importance of avoiding the emergence 
of significant numbers of “drug-fast” organisms is obvious. If the primary 
objectives and limitations of streptomycin are kept in mind, and provided proper 
indications are observed and other therapeutic procedures are used at the oppor- 
tune time, it is believed that the duration of streptomycin treatment may 
usually be sufficiently limited toavoid “drug-fast” organisms. There are certain 
exceptions to this statement. For example, it may be necessary to continue 
streptomycin for longer than four or six weeks for acute bilateral tuberculous 
pneumonia or for acute disseminated lymphohematogenous disease (nonmilinry) 
and under certain other circumstances in which there is no other effective therapy. 
Under such circumstances more prolonged treatment or rctreatment seems 
justified, regardless of the emergence of some drug-fast organisms. The drug 
may continue to be of some limited value even though the majority of the infect- 
ing' bacteria have become “fast,” This reasoning is based upon the fact that 
scattered colonies of sensitive organisms are occasionally found in the presence 
of a large majority of resistant cells, or the reverse may be true. 

It may be concluded, therefore, that optimum duration of treatment, just 
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ns optimum dosage, is dependent upon weighing all factors involved, and in 
the final analysis must he decided upon in the light of the needs of the individual 
patient. This decision can best be made at. the bedside. 

Toxic cffccls: Wien given in relatively large daily dosage over prolonged 
periods, the toxic effects of streptomycin are second only in importance to the 
emergence of drug-fast organisms as a limiting factor in the usefulness of the 
drug in the treatment, of tuberculosis. The early experiences (2, 7) showed that, 
when streptomycin was administered intramuscularly in 2.0 to 3.0 Gm. daily 
doses, it frequently caused disturbing and often severe toxic manifestations, 
the most serious being deafness and loss of labyrinthine function. Many other 
usually less significant reactions of a wide variety have also been observed. 

As a result of the above findings, the present group explored many dosage 
schedules in an attempt to discover therapeutically effective but essentially 
nontoxic regimens. Daily dosage schedules ranging from 0.5 Gm. to 3.0 Gm. 
were tested. As mentioned above, few patients in the series received as much 
as 2.0 to 3.0 Gm. daily and the great majority received only 1.0 to 1.5 Gm. daity". 
With the smaller daily doses, the incidence and severity of toxic manifestations 
were significantly less. Deafness was not reported in any of the patients treated 
for pulmonary tuberculosis who are included in this report. Varying degrees of 
vestibular dysfunction, as evidenced by caloric stimulation tests and clinical 
symptoms or both, were observed fairly often. It should be mentioned that 
periodic caloric tests may show the presence of considerable depression of the 
labyrinthine function in the absence of symptoms. Depression of the labyrin- 
thine function may disappear during treatment and it occasionally disappears 
after completion of treatment. Moreover, in patients having complete loss of 
labyrinthine function, the compensatory balancing mechanisms usually become 
sufficiently effective to prevent prolonged and marked disability. Although 
such patients may continue to improve for several months, difficulty in walking 
in the dark may persist indefinitely. 

Serious toxic manifestations can be largely avoided or greatly minimized if 
careful attention is paid to the selection of the proper dosage schedule, which is 
best calculated on a milligram per kilogram body "weight basis. In addition, 
periodic clinical and laboratory observations should be made, including caloric 
stimulation tests, audiograms and blood urea nitrogen determinations when 
indicated. Finally, toxic effects of any consequence are rarely encountered 
in patients receiving a daily dosage of 20 mg. per kg. of body weight. Although 
this dosage is undoubtedly beneficial in the majority of patients when proper 
indications are observed, nevertheless there is considerable evidence to suggest 
that a daily dosage of 30 to 40 mg. per kg. of body weight perhaps exerts a greater 
therapeutic effect, at least in patients with certain tjqjes of disease. As dihy- 
drostreptomycin appears to be of lower toxicity than streptomycin in daily 
dosages of 30 to 40 mg. per kg. of body weight, it is believed that it may be pos- 
sible to provide greater antimicrobial effect with the derivative than with the 
parent drug (12). In any event, it has been conclusively demonstrated that 
therapeutically effective and essentially nontoxic dosage schedules of streptomy- 
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cin can be determined with considerable accuracy for the types of pulmonary 
tuberculosis which usually respond favorably to the drug. 

Relapse: There is no theoretical reason to assume, or experimental, patho- 
logical or clinical evidence to indicate, that streptomycin, especially when used 
without collapse therapy, should or will reduce the incidence of relapse. On 
the contrary, it is logical to believe that the opposite may prove to be true. If 
the term relapse is used in a broad sense to denote progression of disease that has 
become clinically or roentgenologically stabilized or regressive as a result of 
streptomycin therapy, or the reactivation of disease that has become arrested, 
there is considerable reason to believe that relapse is more likely to occur in 
patients who have received streptomycin. The reasons for this belief are: 
CO Many patients who do not receive streptomycin will not improve and there- 
fore will not “qualify” or become candidates for relapse for their disease may 
steadily progress until death ensues. (2) Conversely, many patients who re- 
ceive streptomycin will improve without attaining closure of cavities or reversal 
of infectiousness. In such instances the disease will usually relapse, particularly 
if collapse therapy or some other definitive type of treatment is not used at the 
opportune time. (S) Patients who improve without streptomycin do so because 
of the re-establishment of a favorable host-parasite relationship as a result of an 
autogenous mechanism. Patients who improve as a result of autogenous mecha- 
nisms are more likely to attain lasting results than are patients who have inferior 
resistance and improve as a result of streptomycin therapy, an exogenous 
mechanism. (4) There is no evidence to indicate that streptomycin, even when 
it produces striking improvement, increases the native resistance of the patient, 
an important factor in the incidence of relapse. 

For these and other reasons previously mentioned which clearly indicate 
that streptomycin is usually not a definitive form of therapy, additional treat- 
ment at the opportune time is essential if relapse is to be minimized or avoided. 
Relapse may occur (a) during treatment, ( b ) soon after completion of treatment, 
or (c) with the emergence of resistant organisms. Therefore, it is evident that, 
if collapse therapy or other surgery is to bo used most effectively and under the 
most favorable circumstances, it must be instituted in many instances within a 
few weeks after streptomycin is begun. Several of the present group of investi- 
gators have reported that many patients with extensive and recently acute, 
predominantly exudative disease have been able to have extensive surgery with 
remarkably little difficulty and with excellent clinical and bacteriological results. 

SUMMARY 

The results of streptomycin therapy in 332 patients with pulmonary' tuber- 
culosis, treated by a group of cooperating investigators in the American Tnideau 
Society, arc reported in summary form. 

On the basis of clinical, roentgenologic, and bacteriologic observations, it 
was clearly demonstrated, as previously reported by others, that the degree of 
therapeutic efficacy of streptomycin is definitely related to the character of the 
pulmonary disease. Although improvement occurred much more frequently 
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and was more marked in patients with predominantly acute disease than in those 
with predominantly chronic disease, nevertheless significant improvement was 
reported by most of the investigators in a small percentage of patients with 
chronic disease. As the progression of chronic tuberculosis is fundamentally 
related to the occurrence of acute episodes, the great potentialities of the strategic 
use of short courses of streptomycin to combat such episodes should be stressed. 

The larger daily dosages of streptomycin appeared to bring about more fre- 
quent and more marked improvement than the smaller daily dosages. Even 
though the larger daily dosages appeared to produce greater therapeutic effect, 
this advantage was often minimi zed or nullified by the more severe toxic manifes- 
tations incident to larger dosage. The availability of dihydrostreptomycin , 
which appears to be less neurotoxic than streptomycin, may aid in the solution 
of this problem. 

The occurrence of drug-fast organisms was found to be definitely related to 
duration of treatment. Organisms resistant to 10 or more y of streptomycin 
rarely occurred in patients treated for one month, but appeared frequently in 
patients treated for two months or more. It appears that “drug-fastness” is 
unquestionably a significant factor in limiting the effectiveness of the antibiotic. 

The failure to close cavities and convert sputum in a larger percentage of 
patients and the relapse of the disease with increasing frequency with passage of 
time (patients observed six to ten months after the beginning of treatment) 
suggest the limitations of antibacterial therapy for this characteristically chronic 
disease and emphasize the absolute necessity of also using more definitive treat- 
ment, notably collapse therapy, if lasting results are to be achieved. 

SHMARIO 

Obra de Invesligacion de la Estrcptomicina en la Txiberculosis por la American 
Trudeau Society. Memoria Sumarizada 

Esta memoria sumariza los resultados de la estreptomicinoterapia en 332 
tuberculosos pulmonares tratados en cooperacion por un grupo de investigadores 
de la American Trudeau Society. 

A base de las observaciones clinicas, radioldgicas y bacterioldgicas, demostrdse 
claramente, segun ya ban comunicado otros autores, que la eficacia terapdutica 
de la estreptomicina guarda relacidn bien definida con la naturalcza de la afec- 
cidn pulmonar. Aunque la mejorSa fud mucho mas frecuente y mds pronunciada 
en los casos predominantemente agudos que en los predominantemente cr6nicos, 
la mayor parte de los investigadores comuniearon tembidn mejoria significativa 
en un pequeho porcentaje de los enfermos crdnicos. Como la agravacidn de la 
tuberculosis cronica se relaciona fundamentalmente con la ocurrencia de epi- 
sodios agudos, hay que recalcar las grandes potencialidades que entrafia el 
empleo estratdgico de breves series de estreptomicina para combatir dichos 
episodios. 

Las dosis diarias mayores de estreptomicina obtuvieron al parecer mejorlas 
mas frecuentes y mas notables que las dosis diarias mds pequenas. Si bien las 
primeras produjeron aparentemente mayor efecto terapdutico, esta ventaja 
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CONSTITUTIONAL FACTORS IN RESISTANCE TO INFECTION 1 - 2 

I. The Effect of Estrogen and Chorionic Gonadotropin on the Course of Tuberculosis 

in Highly Inbred Rabbits 

MAX B. LURIE, SAMUEL ABRAMSON 3 AND MARVIN J. ALLISON 

Introduction 

In a study (1) on the native resistance of inbred rabbit families of varying 
hereditary resistance to tuberculosis it was found that the fundamental variant 
in the disease developed by these families was the degree of localization of the 
infection at the portal of entry. Families of high resistance effectively limited 
the process to the lung, if the tuberculosis was of natural respiratory origin, with 
little or no dissemination of the infection by hematogenous or lymphogenous 
routes. In families of low resistance, on the other hand, the primary tuber- 
culosis in the lung progressed rapidly and was soon widely disseminated through 
the body by the vascular system. As bacterial infection takes place chiefly in 
the connective tissue, it was thought that the permeability of this tissue to 
particulate matter might be one of the factors in this resistance. In fact, in 
some families there is a parallelism between the spread of tuberculosis and the 
spread of India ink in the connective tissue of the skin. That the spread of 
particulate matter in the skin might be under the influence of naturally occurring 
hormones was suggested by the observation that male rabbits (2) limited this 
spread more effectively than females. Furthermore, Sprunt (3) has shown that 
the administration of estrogen restricted the spread of India ink in the skin. 
On the other hand, the intravenous injection of chorionic gonadotropin (4), 
which induced the formation of corpora lutea in the ovaries and the secretion of 
progesterone, enhanced this spread. 

It would follow, therefore, if the spread of particles, and among them tubercle 
bacilli, is a factor in the native resistance to tuberculosis, that suitable treatment 
of animals with estrogen should retard the tuberculous process. Conversely, ap- 
propriate exposure of rabbits to chorionic gonadotropin or progesterone should 
enhance the disease. 

In this and the subsequent studies an endeavor was made to test this assump- 
tion. In general, the observations made substantiate the expected results. 
Analysis of the results, however, has led beyond the point of departure of the 
effect of these hormones on the spread of particles to the problem of their in- 
fluence on the tuberculin sensitivity of the skin and on the allergy of the internal 
organs; to their action on the irritability of the skin to noxious agents in general; 
and to their role in the occurrence of amyloid degeneration. The effect of these 
hormones on the circulating lymphocytes, on the adrenal, and on antibody 

1 From The Henry Phipps Institute, University of Pennsylvania, Philadelphia, Penn- 
sylvania. 

■ Aided by a grant from the Commonwealth Fund. 

3 Tuberculosis Control Division, Public Health Service, Federal Security Agency. 
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production was studied with the view of a possible interrelation between these 
hormones and the functions of the pituitary gland and the adrenal cortex. 

Materials and Methods 

Female litter mate pairs of the susceptible family C (1) of the same age and of identical 
genetic and environmental history for the past six to eight inbred generations were divided 
into two groups. One-half served as controls and received 0.5 cc. of sterile sesame oil 
subcutaneously once a week. The other litter mates were given 0.5 mg. a of estradiol 
dipropionate 4 in 0.5 cc. sesame oil at the same time and by the same route. Eabbit pairs 
older than 10 months were ovariectomized, divided into control and experimental groups, 
and treated in the same manner. After the experimental rabbits had been under the 
influence of the estrogen for about two weeks, 0.5 cc. of 1 :5 dilution of autoclaved India 
ink in saline was injected intracutaneously into both groups. The spread of the particu- 
late matter in the skin was determined on the next day by planimeter in a manner pre- 
viously described (4) . The results will be discussed in the last paper of this series. When 
the estrogenic effect in the experimental animals was indicated by a marked increase in 
the size and congestion of the vulva and a definite enlargement of the nipples, these rabbits, 
together with their litter mate controls, were infected intracutaneously with the same dose 
of virulent bovine tubercle bacilli of the Ravenei strain. The inoculations were made on 
one side of the chest wall at the same distance from the midline and from the axilla. As 
the number of suitable litter mate pairs from these inbred families available at any one 
time was small, it was necessary to limit each individual experiment to 4 paris and to repeat 
the experiment three times. The infecting dose varied in each group and was determined 
by colony counts of the inoculum (5). Needless to say, in each experiment the control 
and estrogen-treated rabbits received the same dose. The estrogen and sesame oil in- 
jections, respectively, were continued at weekly intervals throughout the course of the 
disease. 

Two additional similar experiments were performed with litter mate pairs of the 
ninth and tenth inbred generations of the more resistant family A. The special conditions 
obtaining in these will be detailed later. 

Two and seven days after inoculation, and at weekly intervals thereafter until the 
death of the animal, the skin lesion at the site of infection was measured and its volume 
determined according to a formula previously described (1). Likewise, the size of the 
axillary lymph nodes draining the site of inoculation was followed throughout the course 
of the disease. 

Whenever one of a pair died, its litter mate was killed and the extent of the disease 
in the draining lymph nodes and lungs was determined objectively by their weight in 
grams. A careful search of all the organs was made for disseminated lesions and their 
character and magnitude was estimated. The weight of the uterus and vagina, the 
adrenals, the pituitary and other organs was determined. 

Observations 

THE EFFECT OF ESTROGEN ON TUBERCULOSIS 

In text figure 1 may be seen the average volume of the lesion at the site of 
inoculation in the skin throughout the course of the disease in estrogen-treated 

* This and other sex hormones were generously furnished by Dr. Ernst Oppenheimer of 
the Cibn Pharmaceutical Products, Inc. 
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organs and reduced its dissemination. In one of these pairs, however, the tu- 
berculosis in the estrogen-treated litter mate was actually more extensive than 
in the control. It is noteworthy that this pair was quite young and had not 



*recrioK 

Text Figure 3. Average volume of local lesion in eBtrogen-treated and control litter 
mates of the C family (Experiment of 1945-1946). 



Text Figure 4. Average volume of local lesion in estrogen-treated and control litter 
mates of the C family (Experiment of 1946-1947). 

attained sexual maturity at the beginning of the experiment. While the uterus 
and vagina of all the estrogen-treated rabbits were quite hypertrophied, these 
organs were also quite large in some of the control litter mates. This is possibly 
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value, which is the sum of the degree of “plus” involvement of each, one plus 
being assigned the value of one. 



mates of the A family (Experiment of 1946). 





It is clear that estrogen retarded the progress of the disease at the site of inocu- 
lation in the skin of all rabbits. In 13 out of the 16 pairs tested the estrogen 
definitely reduced the extent of the disease in the lung, pleura and kidney, which 
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is a factor in resistance to tuberculosis, that the appropriate administration of\ 
this hormone should enhance the tuberculous process. ’ 

Materials and Methods 

Accordingly, the following experiment on female rabbits was set up. Litter mates, or 
rabbits descended from at least one common parent of the seventh to the ninth inbred 
generations of the resistant A family, were divided into two groups. One group served 
as control; the others were given 0.02 to 0.2 mg. chorionic gonadotropin (6) intravenously. 
About one week later, when about 10 actively functioning corpora lutea had developed 
in the ovaries of similarly treated rabbits, both groups were injected intracutaneously 
with the same suspension of virulent bovine tubercle bacilli of the Ravenel strain. The 
control animals received no treatment. The experimental animals continued to receive 
the gonadotropin intravenously eveiy tenth day throughout the course of the disease, 
in order tp induce fresh crops of corpora lutea at a time when the preceding secretory 
bodies were beginning to undergo regression. 8 The progress of the lesion at the site 
of inoculation was carefully measured throughout the course of the infection. Some 
pairs were allowed to diefrom their disease in order to determine the duration of the disease 
in the two groups. In other instances, if one of a pair died its mate was killed on the 
same day. The extent of the disease in the various organs was carefully ascertained both 
macroscopically and microscopically. 

In text figure 6 may be seen the average progress of the lesion at the site of 
inoculation throughout the course of the disease in 4 rabbits under the influence 
of gonadotropin as compared with that in 4 untreated litter mates. It is clear 
that the volume of the lesion in the rabbits under the influence of the gonado- 
tropin is consistently larger than that of the control rabbits. 

In table 6 are listed all the pertinent data of the above 4 pairs as well as those 
of additional control and gonadotropin-treated animals studied on another oc- 
casion. For the sake of brevity they are placed together in one table. All the 
rabbits were sexually mature and thus were capable of fully responding to the 
gonadotropin. The close genetic relationship, if not identity, of these two groups 
is shown in column 3. That the progress of the lesion at the site of inoculation 
was uniformly enhanced in the gonadotropin-treated animals is showm in column 
4 and illustrated in figures 3 and 4 (Plate I). In the majority of instances the 
extent of the disease in the internal organs was definitely enhanced and in 6 of 
the 7 pairs of experimental animals the degree of dissemination of the disease by 
hematogenous and lymphogenous routes was definitely greater than in the con- 
trols. It is noteworthy that there was a definite tendency for a shorter du- 
ration of the disease in the experimental animals. That the gonadotropin- 
treated animals were under the physiologic influence of the hormone is showm 
in the last column of this table, w r here it may be seen that all the gonadotropin 
animals showed either corpora lutea in the ovary or diffuse luteinization of its 
stroma. 

That these results are specific for gonadotropin and that the observed differ- 

8 We are indebted to Dr. Gregory Pincus who suggested this procedure and to Dr. Samuel 
Gurin who furnished the highly purified gonadotropin. 
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In rabbits under the age of 4.8 months estrogen exercised a less constant effect 
and in some instances the tuberculous process was intensified in the internal 
organs. 

By contrast, in a small series of highly inbred mature rabbits, the periodic 
administration of chorionic gonadotropin, which induced successive crops of 
corpora lutea in the ovary in the early phase of the disease, uniformly enhanced 
the tuberculous process at the site, of cutaneous inoculation, increased its dis- 
semination, and in the majority of instances aggravated the extent of the disease 
in the internal organs. Although the number of animals involved was small, 
the effect appeared specific, for ovariectomy or the daily administration of phys- 
iologic quantities of progesterone with several y of 7 estradiol to genetically 
similar animals exercised no effect on the process. The lack of complete uni- 
formity in the influence of chorionic gonadotropin on the tuberculosis may be 
related to the inconstant development of fully formed corpora lutea in the ovary 
throughout the course of the disease in response to the repeated gonadotropic 
stimulations. As no rabbit gonadotropin has been isolated and, perforce, the 
human protein was used, it may not be surprising that occasionally the sera of 
the rabbits chronically treated with the gonadotropin inactivated the hormone, 
as had been observed by others (8). 

Because of this inherent difficulty no further studies were attempted. Never- 
theless, the results strongly suggest that gonadotropin affects the tuberculous 
process in a manner opposite to that of estrogen. 

The observed effect of estrogen on the tuberculous process is in accord with 
the studies of Sprunt and McDearman (9), Foley and Aycock (10) and von 
Haam and Rosenfeld (11), who have shown that estrogen exerts a protective in- 
fluence against acute infections caused by vaccinia virus, Streptococcus and 
Pneumococcus, respectively. However, investigators of the effect of estrogen 
in the chronic infection, tuberculosis, are quite contradictory in their conclusions. 
Some assert that it enhances the disease (12), others hold that it exerts no effect 
on the process (13). Similar differences of opinion have been expressed on the 
effect of gonadotropin on tuberculosis (14). These varying conclusions suggest 
that the effects cannot be of great magnitude. In the present experiments the 
factor of the natural resistance of the control and experimental animals was care- 
fully balanced by the use of highly inbred litter mates of genetically uniform 
stock and of closely similar hereditary resistance to the disease (1) . Under such 
conditions it should be possible to observe an effect which might be masked by 
natural variations in resistance of genetically differing animals. This was indeed 
the case. Furthermore, it has been shown by Sprunt and confirmed in the 
present studies that estrogen retards the spread of particles in the skin. For 
this and other reasons the cutaneous portal of entry was used. As it has been 
shown by Thomas and Duran-Reynals (15) that the incorporation of hyaluroni- 
dase in the oculum of tubercle bacilli injected intracutaneously enhances the 
disease, it is to be expected that a natural hormone which increases the con- 
nective tissue permeability to particulate matter would also accelerate the tu- 
berculous process. 
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tropina coridnica, quo provocd la aparicion do cucrpos amarillos cn el ovario 
en la fasc mas tcinprana dc la dolencia, intensified invariablemente la agravacion 
de la enfermedad en el sitio de la inoculacidn iulracutdnea, acrecentd la difusidn 
eu el cuerpo v, cn la mayorfa de los casos, agravd su extension en los drganos 
internos. Ni la ovariectomia ni la inyeccidn combinada a diario de cantidades 
fisioldgicas dc progesteroua y estradiol cjercieron efecto alguno. Discutese la 
posible importancia de estos efectos liormdnicos sobre la patogenia de la tuber- 
culosis puber en la hembra humana. 
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Estrogen-treated rabbits and controls were also sensitized by the intracutaneous in- 
jection of identical amounts of beat-killed bovine tubercle bacilli at the same intervals. 
This was done to determine the effect of this hormone on skin sensitivity in the absence of 
active disease. As heretofore, 0.5 mg. of a-estradiol dipropionate in 0.5 cc. of sesame oil 
was given to the experimental rabbits at weekly intervals for fourteen days before the 
be ginnin g of sensitization and throughout the study thereafter. The control animals 
received 0.5 cc. of sesame oil without the hormone at the same time. 

Since the tuberculin sensitivity induced by treatment with heat-killed tubercle bacilli 
lasts for many months, and, furthermore, since injected estrogen is eliminated from the 
body, the effect on skin allergy of withdrawing the hormone and subsequently readminis- 
tering it was studied. 

To determine whether estrogen has the same effect on the sensitivity of the skin and on 
that of the internal tissues, control and estrogen-treated rabbits, sensitized with heat- 
killed tubercle bacilli, were injected with 0.2 cc. of a 1 : 10 dilution of tuberculin subcutan- 
eously instead of intracutaneously. The response was measured by the rise in the ab- 
solute number of circulating polymorphonuclear leucocytes. For the same purpose, the 
extent of caseation in the tuberculous tissues of the estrogen-treated and control animals 
at death was correlated with the tuberculin skin sensitivity during the animal’s life. 
Tissue culture studies on the effect of tuberculin on white blood cells derived from estrogen- 
treated and control rabbits, all sensitized with heat-killed tubercle bacilli, were also per- 
formed with the same obj ect in view. Methods used in these experiments will be described 
in detail later. Finally, it became apparent during the course of this work that estrogen 
might affect the inflammation which a particular agent induced in the tissues apart from 
the phenomena of sensitization. Hence, several toxic substances were injected into the 
skin of unsensitized estrogen-treated and control animals, and the volume of the ensuing 
inflammation was measured as heretofore. 

Results 

THE EFFECT OF ESTROGEN, CHORIONIC GONADOTROPIN, PROGESTERONE AND 
OVARIECTOMY ON THE TUBERCULIN SKIN SENSITIVITY OF RABBITS 
WITH PROGRESSIVE TUBERCULOSIS 

Text figure 1 presents the average skin sensitivity in 4 estrogen-treated and 
4 litter mate controls of the C family throughout the course of their disease. 
All the relevant data for this experiment of 1945-1946 are detailed in text figure 
3 and table 2 of the preceding paper (1). It is evident that estrogen markedly 
and consistently reduced the skin sensitivity to tuberculin until very late in the 
course of the infection, at which time the less extensively diseased hormone- 
treated animals showed a somewhat higher sensitivity than their controls who 
were on the verge of death. As is well known, tuberculin skin sensitivity de- 
clines markedly during the last stages of tuberculosis. 

Text figures 2 and 3 present similar observations in the experiments of 1946- 
1947 on rabbits of the C and A families, respectively, v T hich are detailed in text 
figures 4 and 5 and tables 3 and 4 of the preceding study (1). It is again clear 
that estrogen uniformly reduced the skin sensitivity in the same manner as in 
the experiment of 1945-1946. 

Text figure 4 shows the average degree of tuberculin sensitivity of the skin at 
different intervals during the course of the disease in 5 control rabbits of the 
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Text Figure 3. Average volume of tuberculin reaction during course of infection in 
estrogen-treated and control litter mates of the A family (Experiment of 194G-1947). 
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Text Figure 4. Average volume of tuberculin reaction during course of infection in 
chorionic gonadotropin-treated, progesterone-treated and control litter mates of the A 
family (Experiment of 1944-1945). 

terially affect the process, both consistently lowered the skin sensitivity as com- 
pared with that observed in their litter mate controls. Furthermore, ovar- 
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Text Figure 5. Average volume of tuberculin reaction after sensitization with beat- 
killed tubercle bacilli in estrogen-treated and control inbred rabbits (Experiment of 1946). 
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Text Figure G. The effect of estrogen and its withdrawal and rcadministration on 
tuberculin skin allergy in rabbits sensitized with heat -killed tubercle bacilli (Experiment 
of 1946-1947). 
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on subcutaneous injection. It is thus apparent, that estrogen did not lower the 
leukocytic response of allergic rabbits to tuberculin. 

THE TUUKRCULIN SENSITIVITY OF EX PLANTS OF 111.000 LEUKOCYTES DERIVED 
FROM SENSITIZED, ESTROGEN -TREATED AND CONTROL RARRITS 

Since the original tissue culture studies of Rich and Lewis (5) on the tuberculin 
reaction have shed the clearest light on the phenomenon, an attempt was made 
to determine whether any difference in cell sensitivity to tuberculin could be 
demonstrated in cxplnnts of blood leukocytes derived from estrogen -treated and 
control rabbits, sensitized with heat-killed tubercle bacilli. 

Three cstrogcn-trcated and three control rabbits were sensitized with heat-killed 
tubercle bacilli as detailed above in text figure G. After repeated tuberculin skin tests 
had shown that in the rabbits under the influence of the hormone the inflammatory re- 
sponse was markedly depressed, blood was withdrawn from the. heart of the rabbits of 
both groups. The cit rated blood was centrifuged and t ho leucocytic layer was coagulated 
with 0.5 per cent calcium chloride in Gey’s solution (0). The tissue was minced into pieces 
of approximately 1.0 mm. in diameter, washed with Gey’s solution, and picked up by a 
Pasteur pipe! bent at the tip and placed in a test, tube 150 by IS mm. The arrangement 
of the cxplnnts was ns follows. Five hits of tissue from an experimental animal were 
placed in a straight line extending approximately halfway up the tube. A few drops of 
the clotting mixture were then run down the tube along the line of .explants and allowed 
to remain in a horizontal position until coagulation had occurred. The same procedure 
was then repeated with five bits of tissue from a control animal along the opposite side of 
the same tube. The clotting mixture consisted of equal amounts of heparinized chicken 
plasma, and 10 day chick embryo extract in Gev’s solution. The latter contained the 
appropriate dilution of Old Tuberculin prepared on Long's synthetic medium, or the con- 
centrated sterile medium which served as control for the tuberculin. In the case of each 
row of cxplnnts the tube was manipulated so that each explant was surrounded by several 
millimeters of clot. The lubes were then stoppered and incubated at 37 D C in a roller-tube 
mechanism. The cultures were examined after twenty-four hours and the farthest dis- 
tance of migration of leucocytes from the periphery of the explant was measured by an 
ocular micrometer. These radii were determined in four directions at 00 degree intervals 
around the cxplant, and the mean was taken ns the average distance of migration. The 
results are given in arbitrary units of the ocular micrometer used in these experiments. 

In preliminary experiments it was found that the preparation of tuberculin 
used in these experiments showed a very marked inhibition of migration of the 
leukocytes of sensitized rabbits at a concentration of 1:500 and no statistically 
significant effect at 1 :4,000. In order to allow an opportunity for the demon- 
stration of an}' difference in sensitivity between estrogen-treated and control 
rabbits it was thought best to use the intermediate concentration of 1:1,000. 

It was observed that a 1:1,000 solution of uninoculated medium showed no 
effect on the tissue cultures. Hence it was considered justifiable to attribute 
the inhibitor}' effect of tuberculin at concentrations of 1:1,000 to specific sen- 
sitization and to use saline solution as control material for the tuberculin. 

In the major series of tissue culture experiments, ten explants of leukocytes 
from each rabbit were cultivated in the presence of tuberculin at concentrations 
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rabbits. Even what appears to be a reduction in the tuberculin sensitivity of 
the skin is not due to a lower degree of sensitization of this tissue, but rather to 
an alteration induced by the hormone in the inflammatory responsiveness of the 
sldn to the irritant. That the intrinsic allergic irritability was unaffected was 
demonstrated by the withdrawal of the hormone. 

TABLE 3 


The effect of estrogen on the inflammatory irritability of the skin to heat-killed tubercle 

bacilli and to pertussis endotoxin 


RESPONSE TO HEAT-KILLED TUBERCLE BACILLI 

RESPONSE TO PERTUSSIS ENDOTOXIN 

Group 

Rabbit number 

Volume of 
inflammation 

Group 

Rabbit number 

Volume of 
inflammation 



mm}* 



».>’ 

Treated with 


44 

Treated with 

V 30 

76 

estrogen 

: ■ ■ 

34 

estrogen 

V 366 

81 



54 


V 784 

144 


V 267 

26 


V 267 

28 


V 414 

39 


V 414 

50 


Average 

39 


Average 

76 

Untreated 

T 33 

69 

Untreated 

T 33 

68 

controls 

V 6S5 

140 

controls 

V 685 

392 


V 368 

S5 


V 368 

432 


U 57 

76 


U 57 

118 


S 376 

97 


S 376 

54 


Average 

93 


Average 

213 


* Per cubic millimeter of free flowing, venous blood. 


That this is the correct explanation for the reduction of the sldn sensitivity 
by estrogen may be seen from the following observations. 

Ten unsensitized genetically closely related rabbits were divided into two groups. 
Five were treated with estrogen as usual. The remaining a nim als served as controls. 
After the experimental animals had been under the influence of estrogen for twenty days, 
both groups received 1.0 mg. of heat-killed tubercle bacilli of the Eavenel strain intra- 
cutaneously. The extent of the inflammation at the site of injection was measured in 
both groups forty-eight hours later. On another occasion both groups were injected intra- 
cutaneously with 0.1 cc. of 1 :200 dilution in saline of a sonic vibration extract of Bacillus 
pertussis* (7) . On the second day the ensuing inflammation was measured. The results 
are presented in table 3. 

It is evident that the inflammatory reaction to both bacterial agents is reduced 
in the skin of estrogen-treated rabbits. As the rabbits received these irritants 
for the first time, no phenomena of sensitization were involved. Thus two sub- 
stances of primary toxicity to the skin induced less inflammation in animals under 

* The pertussis endotoxin was kindly furnished by Dr. Joseph Smolens. 
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general. The importance of this observation in the interpretation of the problem 
of the relation between allergy and immunity is obvious. 

Stobiary and Conclusions 

1. Estrogen reduced the inflammatory response of the skin to tuberculin in 
rabbits sensitized by active tuberculosis or by treatment with heat-killed tu- 
bercle bacilli by virtue of the depressing effect of the hormone on the inflam- 
matory irritability of the skin to bacterial irritants in general. 

2. The acquisition of intrinsic allergic sensitivity of the tissues in general, as 
well as that of the skin, is not reduced by estrogen administration. 

SuiiIARIO 

Factorcs Conslilucionalcs en la Rcsistencia a la Infection: II. El Efedo del 
Estrdgcno sobrc la Culiscnsibilidad a la Tuberculina y sobre la Alergia de 

los Tejidos Internos 

1 . El estrogeno atenud la respuesta inflamatoria de la piel a la tuberculina en 
los conejos sensibilizados por tuberculosis activa o por tratamiento con bacilos 
tuberculosos muertos al calor, por virtud del efecto depresor que ejerce la hor- 
mona sobre la irritabilidad inflamatoria de la piel a los irritantes bacterianos en 
general. 

2. La adquisicidn de sensibilidad aldrgica intrfnseca por los tejidos en general, 
asi como por la piel, no es rebajada por la administracidn de estrdgeno. 
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III. On the Mode of Action of Estrogen and Gonadotropin on the Progress of Tuberculosis 

MAX B. LURIE, SAMUEL ABRAMSON , 3 A. G. HEPPLESTON 4 and 
MARVIN J. ALLISON 

Introduction 

In the preceding studies (1, 2) an endeavor was made to elucidate the mecha- 
nism whereby, on the one hand, estrogen retarded the progress of tuberculosis 
and, on the other, chorionic gonadotropin enhanced the dissemination of the 
disease. It was found (2) that estrogen markedly suppresses the inflammatoiy 
response of the skin to tuberculin in rabbits sensitized by active tuberculosis or 
by treatment with heat-killed tubercle bacilli. It was also found, however, that 
estrogen reduces the inflammatory response of the skin to bacterial toxic agents 
in general and hence also to tuberculin, which is toxic to sensitized animals. 
Therefore, this seemingly depressing effect of estrogen on allergy, one of the im- 
portant elements in the tuberculous process, is not due to an essential alteration 
in the allergizing mechanism but rather to the masking of an existing unaffected 
allergy by the hormone. What role, if any, this reduction in the inflammatory 
response of the skin plays in the retardation of tuberculosis by the hormone is 
not clear. 

In a further effort to demarcate the means by which estrogen retards the prog- 
ress of tuberculosis, information was sought as to the effect of estrogen on the 
rate of multiplication of tubercle bacilli at the site of inoculation in the skin and 
in the metastatic foci. Bacterial infection takes place chiefly in the connective 
tissue. As the outstanding effect of estrogen on tuberculosis is its restricting 
influence on the dissemination of the infection, whereas that of gonadotropin is 
the enhancement of this process, studies on the alterations produced by these 
hormones in the constituents of the connective tissue were instituted. An en- 
deavor was made to determine whether estrogen affected the concentration of 
water in the connective tissue of the skin. Studies were also undertaken to 
determine the effect of estrogen and chorionic gonadotropin on the hyaluronic 
acid of the skin and on its vascular permeability; for these factors play a sig- 
nificant role in the dissemination of particles and bacteria in the connective 
tissues. 

As stated in the second paper of this series (2), the parallel observed between 
the effect of estrogen on the spread of particles on the one hand, and on the 
progress of the disease on the other, was not constant. Therefore, other clues 
were sought to explain the observations. 

1 From The Henry Phipps Institute, University of Pennsylvania, Philadelphia, Pennsyl- 
vania. 

3 Aided by a grant from the Commonwealth Fund. 

3 Tuberculosis Control Division, Public Health Service, Federal Security Agency. 

4 Dorothy Temple Cross Research Fellow of the Medical Research Council of Great 
Britain. 
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In view of the well known interrelation between the gonads and the adrenals 
and the studies of Selyc (3) on the adaptation syndrome and, in view of the 
demonstration by While and Dougherty (4) of the controlling effect of the 
adrenal corticosterones on the lymphocytes and their dissolution, and further- 
more in consideration of the observations of McMaster and Hudack (5) and 
Ehricli and Harris (6), which strongly suggest that lymphocytes play a significant 
role in antibody production, the effect of the administration of estrogen on the 
adrenal cortex and on antibody formation was studied. The influence of this 
hormone on the thyroid gland was also noted. 

Finally, during the course of this investigation, it was found that estrogen 
markedly suppressed the usually extensive amyloid degeneration in the spleen 
of rabbits with chronic tuberculosis. In the following pages these data are 
evaluated and an attempt is made to integrate the observations in the light of 
present knowledge. 


TABLE 1 


Fate of tubercle bacilli at the portal of entry and in the draining nodes and kidneys of 
estrogen-treated and normal rabbits 


XABMT KT7MBEX 

DAYS 

Arrrs 

XKTECnOK 

KUUBEE or VIABLE TUBERCLE BACILLI OK CULTURE 

Local lesion 

Draining nodes 

Kidney 

Experimental; age 
in months at 
time oi infection 

Control; age in 
months at time 
of infection 

Experi- 

mental 

Control 

Experi- 

mental 

Control 

Experi- 

mental 

Control 

A9=9S; 17 

A9=99; 17 

2 

SO 

624 


1,225 

1 

1 

A9=102; 17 

A9=103; 17 

7 

1,140 

1,116 

29,800 

14,620 

0 

0 

A9=135; 4 

A9=13S; 4 

14 

56,000 


260,000 

— 

0 

? 

A10=7;4 

►— * 
o 

11 

►— * 
o 

2S 

11,000 

KB 



0 

0 


Observations 

THE EFFECT OF ESTROGEN ON THE RATE OF MULTIPLICATION OF TUBERCLE BACILLI 

IN THE TISSUES 

It was reported by Faulkner (7) that the estrogenic substance, diethylstilbes- 
trol, is bactericidal to tubercle bacilli in vitro. It became necessary, therefore, 
to determine whether the natural estrogen, estradiol, used in these studies re- 
tarded the tuberculous process bj r suppressing the multiplication of the bacilli 
in the tissues. To answer this question, four litter mate pairs of the A family 
were divided into two groups. One received 0.5 mg. of a-estradiol dipropionate 
subcutaneously in sesame oil once a week, and the other received the same 
amount of oil without the hormone. When the experimental animals had been 
under the influence of estrogen for two weeks, both groups were infected intra- 
cutaneously noth virulent bovine tubercle bacilli. At various intervals follow- 
ing infection, weighed amounts of the cutaneous lesion, the draining lymph nodes, 
and the internal organs were cultured on a modified Lowenstein medium (8) and 
the number of viable tubercle bacilli that they contained was determined as 
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described in previous studies (9). Estrogen was administered at weekly inter- 
vals throughout the course of the experiment. 

The results are presented in table 1. It is evident that estrogen exercises no 
constant effect on the growth of tubercle bacilli at the site of inoculation or in 
the metastatic foci in the early stages of the infection. 

THE EFFECT OF ESTROGEN AND GONADOTROPIN ON THE CONSTITUENTS OF THE 

CONNECTIVE TISSUE OF THE SKIN 

Table 2 shows the effect of estrogen treatment on the spread of India ink in 
the rabbits of the experiment cited in the above paragraph, previous to infection. 
Included in this table are similar data on a group of litter mates of the C family. 
Clearly, estrogen usually restricts the spread of particles in the skin to a consider- 
able degree, as shown previously by Sprunt (10). 

TABLE 2 


The effccl of estrogen on the spread of India ink particles in the skin 


CROUP 

RABBIT NUMBER 

1 DAY SPEEAD 
MJP* 

RABBIT NUMBER 

1 DAY SPEEAD 
Stil» 

Untreated controls 

A9=99 

1,1S7 

CS=2 

1,470 


A9=103 

1,S00 

CS=17 

2,122 


A9=13S 

1,45S 

CS=19 

1,S50 


A10=10 

1,722 

CS=23 

2,787 


Average 

1,542 

Average 

2,057 

Estrogen treated 

A9=9S 

5G7 


1,120 


A9=102 

1,367 


jSKnn& 


A9=135 

1,361 




A10=7 

967 

OJ 

1! 

CO 

O 



Average 

1,066 

Average 

1,410 


* Area of spread in square millimeters as determined by planimetcr. 


THE EFFECT OF ESTROGEN ON THE CONCENTRATION OF WATER IN THE SKIN 

As stated above, it is possible that much of the retardation of the progress of 
tuberculosis induced by estrogen may be due to its restricting effect on the spread 
of particles, such as tubercle bacilli, in the tissues. Therefore, the mechanism 
whereby estrogen reduces the permeability of the connective tissue was investi- 
gated. 

It is well known that estrogen produces a great increase in the water content of 
the sexual skin of monkeys. Furthermore, it has been demonstrated by Zuckcr- 
man (11) that estrogen increases the water of the sldn of mice. If rabbits are 
similarly affected by the hormone, a simple explanation for the restricting effect 
of estrogen on the spread of particles would be at hand. The water in the con- 
nective tissue is not in a free state but is either intracellular or bound to the matrix 
or in a film about the fibres and cells (12). As a result of the introduction of 
estrogen, these cells and fibres may swell. Thus the turgescence of the conncc- 
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tive tissue elements would increase and in this way hinder their disruption by 
particles introduced into their interstices. Accordingly, the water content of the 
skin of estrogen-treated and control, litter mate rabbits was determined. 

About one gr am of clipped skin was excised with sharp, curved scissors. After 
removing the adhering blood with gauze, the skin was quickly placed in a pre- 
viously accurately weighed covered bottle and heated to a constant weight at 
100° C. From these data the concentration of water in the skin of estrogen- 
treated and control animals was determined. The observations are presented in 
table 3. 

It is evident that estrogen does not increase the total concentration of the 
water in the skin. Whether the hormone alters the distribution of water be- 
tween the extra- and intracellular compartments has not been determined. 


TABLE 3 

The effect of estrogen on the concentration of water in the shin 


GROUP 

•RABBIT NUMBER 

PER CENT OF 
WATER 

GROUP 

RABBIT NUMBER 

PER CENT OF 
WATER 

Untreated con- 

T 33 

67 

Untreated 

A9=99 

63.3 

trols 

V 6S5 

69 

controls 

A9=103 

67.9 


V 368 

67 


A9=138 

71.3 


U 57 

69 


A10=10 

75.4 


S 376 

65.5 





Average 

67.5 


Average 

69.5 

Treated with 

■ - 

65 

Treated with 

A9=98 

69.0 

estrogen 


67 

estrogen 

A9 = 102 

68.4 


U 784 

68 


A9=135 

74.2 


V 267 

67 


A10=7 

68.5 


V 414 

69.7 





Average 

67.3 


Average 

70.0 


THE EFFECT OF ESTROGEN AND CHORIONIC GONADOTROPIN ON THE SPREADING 
INFLUENCE OF HYALURONIDASE 

It was shown in a previous study (13) that chorionic gonadotropin enhances 
the spread of India ink in the skin. The process is mediated by the corpora 
lutea engendered in the ovary by the gonadotropin for in ovariectomized animals 
this hormone has no such effect. Furthermore, progesterone also tends to 
enhance the spread of dyes in the skin. Estrogen exercises an opposite effect, 
restricting the spread of particles. Hence it was thought possible in connection 
with the permeability of the skin, that the interrelation between the enzyme 
hyaluronidase and its substrate hyaluronic acid may be under the influence of 
the sex hormones (14). Further support for this notion is afforded by the fact 
that a substance similar to hyaluronic acid accumulates (15) in the sex skin of 
monkeys, under the influence of estrogen. 
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tlie same diminution in the spreading effect of hyaluronidase on hemoglobin was 
seen in animals under the influence of gonadotropin as distinguished from those 
under the effects of estrogen. In this case, however, the difference was not quite 
statistically significant for the “P” value was 0.04. Furthermore, hyaluronidase 
enhanced the spread of India ink to a slightly greater extent in estrogen-treated 
rabbits than in normal litter mates. The difference was observed in only half of 
the tests, however, and the results were not statistically significant. 

The enhancement of spread induced by hyaluronidase is due to the hydrolysis 
of the hyaluronic acid matrix of the connective tissue (14). Therefore, the en- 
zyme depolymerizes this intercellular substance over a wider area or more com- 
pletely in estrogen-treated rabbits than in animals under the influence of gonado- 
tropin. A similar though less constant difference would appear to obtain 

TABLE 4 


The effect of hyaluronidase on the spread of India ink in the skin of normal, estrogen-treated, 
and gonadotropin-treated litter mates of the inbred rabbit family A 


GROUP 

KintBER 

OP 

RABBITS 

SPREAD OP INDIA INK IN Mil* 

SPREAD OP HEMOGLOBIN IN lOI* 

Without 

hyal- 

uroni- 

dase 

With hyal- 
uronidase 

Average 
of 10 
obser- 

Increment of 
spread for 
both doses 

Without 

hyal- 

uroni- 

dase 

With 5 
y of 
hyal- 
uroni- 
dase 
per cc. 

Increment 
of spread 



rations 

Normal 

5 

221 

233 

283 

259 

MM 

2S5 

595 

2.1 db 0.11 

Estrogen 

5 

164 

194 

209 

202 


224 

518 

2.3 rb 0.11 

Gonadotropin 

5 

201 

275 

295 

2S3 

lElii 


636 



“P” value of difference between the effect of the enzyme on the spread of ink in estrogen- 
treated and gonadotropin = 0.002. 

“P” value of difference between the effect of the enzyme on the spread of ink in normal 
and estrogen -treated = 0.10 (not significant). 

“P” value of difference between the effect of the enzyme on the spread of hemoglobin 
in estrogen and gonadotropin-treated = 0.04. 

“P” value of difference between the effect of the enzyme on the spread of hemoglobin 
in normal and estrogen treated = 0.11 (not significant). 

between the skin of estrogen-treated and normal rabbits. This greater hyxlrolysis 
of hyaluronic acid by its enzyme in animals under the influence of estrogen than 
in rabbits under the effects of gonadotropin may be due to a number of variables. 
The interstitial pressure at the site of injection of the hyaluronidase, the concen- 
tration of the substrate, and its resistance to hydrolysis by the enzyme or the 
modification of the latter by the respective hormones, may be concerned. 

A further attempt to differentiate the hyaluronic acid content of the skin of 
the above three groups of rabbits by staining the skin for metachromasia, as 
described by Wislocki and Dempsey (17), yielded no significant observations. 

THE EFFECT OF ESTROGEN AND CHORIONIC GONADOTROPIN ON TISSUE AND VASCULAR 

PERMEABILITY 

It is established that in the fowl estrogen causes a marked increase in the cal- 
cium level of the blood. In the present studies there was a slight increment of 
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tissue in estrogen-treated rabbits on the one hand, and of the increased permea- 
bility of this tissue in gonadotropin-treated rabbits on the other. 

The intensity of color of these areas of trypan blue extravasation which ap- 
parently mirrors the amount of dye exuding from the vessels into the tissues, 
tends to be less in the estrogen-treated rabbits and more in the gonadotropin- 
treated animals than in the corresponding litter mate controls. This interpreta- 
tion is plausible, for this difference could not be accounted for by variations in 
the rate of removal of dye from the site of extravasation by the tissues, as estrogen 
would aid it-s accumulation and gonadotropin would increase its dispersion. 

TABLE G 


The effect of estrogen on the circulating lymphocytes of normal and tuberculous inbred rabbit 

litter mates 


CROUP 

RABBIT NUMBER 

ABSOLUTE NUMBER OF LYUBnoCYTES PER MU'* 

Before infection 

After infection 

Trior to estro- 
gen treatment 
of group 2 

20 days after es- 

trogen treat- 
ment of group 2 

11 days after 
infection 

103 days after 
infection 

(1) 

C8=2 

4,392 

4,520 

4,579 

■PH 

Not treated with estro- 

CS=17 

4,858 

4,185 

3,750 

■ 

gen 

C8=19 

4,772 

3,738 

5,481 



C8=23 

5,23G 

3,953 

2,525 

. 


Average. . . 

4,690 

4,049 

4,084 

5,512 

(2) 

CS=1 


2,150 

2,208 

4,802 

Treated with estrogen 

C8=16 

4,982 

4,GS3 

1,515 

1,340 


C8=18 

4,862 

2,247 

1,9S0 

3,032 


CS=24 

2,215 

2,072 

972 

2,480 


Average. . . 

4,197 

2,78S 

1,669 

2,914 


* Per cubic millimeter of free flowing, venous blood. 


Thus additional evidence has been given for the view that the permeability of 
the connective tissue of estrogen-treated rabbits is reduced, whereas that of litter 
mates under the influence of gonadotropin is increased. Furthermore, there is 
suggestive indirect evidence that the permeability of the blood vessels may be 
similarly affected in opposite directions by these two hormones. 

THE EFFECT OF ESTROGEN ON THE ADRENALS 

During the course of these studies it was found that in estrogen-treated rabbits 
the absolute number of circulating lymphocytes was usually markedly reduced. 
This is illustrated in table 6. It will be seen that both in normal and tuberculous 
rabbits imder the influence of the hormone the lymphocytes are conspicuously 
diminished as compared with those in normal or tuberculous litter mates which 
were not treated with estrogen. 























AS® 




.SO^ 




liO^’ 




-Sa=gsS 


„ 0 6 ot , s ua^J adJ e so*** ' _ 0 * esW°° ^ce 

Xa -,ne« '"I f if 11 ' 5 ' „„we4 *“! 






NS" 


etc 


•o»° 


«»* -55s* f e 

t w^ e 


js?%£?:®sS5SS5S=a 


«** ':^ec^ o ; e » -*S5 “ S W “^e4 




3 at& e 


ovV 


the 


ses^~ A w 

xec^^V 


t*v 




>td’ 


C °\oio^ da 'L\i\ie 

T ^ ot0 l^a^l otvS etf 


it\0"O s 


fttc 

tto rtal 


,satc 


; d^ 


&tbv 


a nc Ns'et c *" „, s ^ ei <rt atvo- ^ 


Sa#* 


,cd- .^ 0 t^ eCC 


, dt e^ 


«*> °°S4e4 * W 


toa^ e 

O^e 

te »' ^ ?“T o , 0 V«o 


- \\tiet 

fo**®’ ^ 0 mP s " 


^ oi oi * 


Nvct e 
at: 
<pO 


****** 


te sT eCe ■ 
roop 
ted 


.4*« e .l»sw"'°:L ot <*> 


vrdd 


liVd 


t^5*-*2TU. < :i « *2>* 


«*>■*£**? SC.* If «• •Xi* f,n4* 


** dW^ nl etv^’ ;; w o^- 


5 - -St 

,-.^rt to® 1 '’ _oxva to ..^ NN-a s _.„« day 5 L *.„«s Oi eB . _^ed 


a dtc^ v 


Wtt-et 

j ; 

NS"ceV- s 


as 1 


* 0 [ 

owe- 

s^s&s&zzexff*’^*''-- 




J< u ;, .n-oux ; 

^c, die c 5/gn\dca^ cfteC t p „ f dtfS e ? °.Ath f^atcd^ ' j N «d» 


o5 ,Ttv caSUt 

.d^ vaS „otss\oa 


■ di® 

txot 


of **£ 

^° t ; c sa 


dc^ _^ 5 ’ '< ^e P aAV ; ^otc. T!L ivvc^^ct *' 


;tat 


was 
to 

u* etcU ' 
po v ^ -.s rcsp c ’ 


L\^ e r eft W 0 t t* 0IC ; tdc *V\* u*P‘; tlSuV 

c -ccVS knVAc ‘-.,_ Av vfCt?» a 0 tdc 


dc aV 






svaa' 
s' 


dat 


,ta^\ lC scca 

acts t s 


cavis 




oi^r 






X& 


Z r^ iV ftrt Yiy, ^^VTC^ UW ~ AV^^’ w^\cc : 

•sS.iC^ss »<r.,3.,^ '”'■ 



CONSTITUTIONAL FACTORS IN RESISTANCE TO INFECTION 


207 


of estrogen effective in retarding the progress of tuberculosis in rabbits undergo 
the "alarm reaction” and respond with the general adaptation syndrome as 
described by Selye (3). 

However, rabbits given the same amount of estrogen on a body weight basis 
for three to eight weekly injections, showed a slight but statistically insignificant 
increment in their adrenal weights as compared with litter mates treated with the 
same amount of oil without the hormone. On the other hand, prolonged treat- 
ment with this amount of estrogen in tuberculous rabbits is associated with a 
relative diminution of the adrenal weights as compared with the values for tuber- 
culous litter mates not under the influence of the hormone. This reduction in 
the adrenal weights is of marginal statistical significance for the “P” value is 
0.024. Thus, prolonged treatment with estrogens tends to diminish the size of 
the adrenals. The meaning of this observation has not been elucidated. 

TABLE 7 


The effect of estrogen on the weight of the adrenals of normal and tuberculous animals after 

varying intervals of treatment 


NUMBER O? 

WEEKLY 

INJECTIONS 

ANIMALS USED 

NUMBER OF ANIMALS AND THEIR 
AN^E RAGE WEIGHT IN GRAMS 

WEIGHT OF ADRENALS IN MG. PER 100 
GRAMS OF BODY WEIGHT 

Control 

Treated 

Control 

Treated 

,tp>» 

value of 
diSerence 





3 

Mice 

12 

18.9 

10 

19.1 

38 ± 2.3* 

51 db 3.8t 

0.004 

3 to 8 

Normal rab- 
bits 

9 

3,390 

9 

3,170 

10. S ± 1.0 

12.5 ± 1.4 

0.166 

15 or more 

Tuberculous 

rabbits 

11 

2,320 

11 




0.024 


* Width of cortex 2.2 ± 0.05. 

t Width of cortex 2.9 ± 0.19. “P” value of difference between the width of the cortex 
of the adrenals in normal and estrogen-treated mice = 0.002. 


There is, however, one striking observation recorded in table 7. The adrenal 
weight of untreated tuberculous rabbits is more than twice that of normal litter 
mates, with a "P” value of 1.000. This increase in milligrams of adrenal weight 
per 100 grams of body weight cannot be ascribed to the loss of body weight due 
to the tuberculosis and a failure of corresponding loss in adrenal weight. The 
average loss of weight of the tuberculous rabbits was only 31 per cent, whereas 
the gain of the adrenals constituted 117 per cent. Clearly, therefore, tubercu- 
losis as such causes an increase in the size of the adrenal and the infection induces 
an hypertrophy in the adrenal cortex, for the medulla is not affected by' the 
disease. This would suggest that the cortex of the adrenals exercises an impor- 
tant function in the course of tuberculosis. A similar, though statistically' less 
significant, increase in the adrenal weights of estrogen-treated tuberculous 
rabbits as compared with hormone-treated non tuberculous animals was noted. 
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For this purpose the livers of the same group of 15 rabbits used in the above 
'experiment on hyaluronidase were stained for glycogen by the Bauer-Feulgen 
method (22). It will be remembered that these rabbits consisted of three groups 
of litter mates. Five of these were under the influence of estrogens, 5 had been 
treated with chorionic gonadotropin, and 5 served as controls. All these rabbits 
had been on a constant diet for a long time and were killed on the same day. The 
first group of rabbits had received their third weekly injection of estrogen ten 
days before death; the second group had received their third intravenous dose of 
gonadotropin five days before they were killed. The rabbits in these three groups 
were of uniform weight and nutrition at the time of death, the average weight 
ranging between 3.1 to 3.4 kg. The estimate of glycogen deposition in each of 
these rabbits was based on the extent and intensity of the staining reaction. 

While there was considerable variation in the deposition of glycogen in the 
individual rabbits of each of the three groups, it was nevertheless evident that 
the least glycogen deposits were found in the rabbits under the influence of 
gonadotropin. In some rabbits under the influence of estrogen the most exten- 
sive deposits of glycogen were found, though the overall difference between these 
rabbits and their litter mate untreated controls was not significant. 

Thus no clear evidence has been obtained to demonstrate that estrogen in- 
creased the adrenocortical function in the rabbit. It must be stated, however, 
that in tuberculous rabbits under the influence of estrogen the adrenal cortex 
always appeared intact. In the adrenal cortex of tuberculous litter mates ex- 
amined at the same interval after the same inoculation, but not treated with 
estrogen, there were often areas of necrosis, hemorrhage, and leukocytic infiltra- 
tion, as maybe seen in figures 1 and 2, Plate I. 

That the administration of estrogen may affect other glands of internal secre- 
tion is suggested by the observation that, in more than half of the tuberculous 
rabbits under the influence of the hormone, the epithelium of the acini of the 
thyroid gland Avas definitely more cuboidal and the colloid accumulation less 
pronounced than in the untreated tuberculous litter mates. 

ESTROGEN AND ANTIBODY FORMATION 

As stated above, estrogen causes a marked depression of circulating lympho- 
cytes. There is considerable eA r idence that lymphocytes play a role in antibody 
formation. It has also been claimed that the administration of oxygenated 
corticosterones, which cause the dissolution of lymphocytes, enhances antibody 
formation (23). Moreover, von Haam has reported that theelin increases agglu- 
tinin production against the pneumococcus (24). Consequently an attempt was 
made to determine whether estrogen-treated rabbits produce antibody more 
rapidly and to a higher titer than normal litter mates. 

Three such trials were made, two with chloroform-killed typhoid bacilli as 
antigen and one with alcohol-killed dysentery bacilli. The results are sum- 
marized in figures 1, 2 and 3. Each point plotted in these three figures repre- 
sents the geometric mean of the antibody titer of 5 rabbits. 

It is clear that, irrespective of the number of antigenic stimulations, there is no 
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under the influence of these two hormones do not account for their respective 
effects on the tuberculous process. 

THE EFFECT OF ESTROGEN ON AMYLOID DEGENERATION 

As is well known, chronic tuberculosis in man may be associated with exten- 
sive amyloid degeneration. Likewise, in rabbits dying from a slowly progressive 
tuberculosis, there is a severe amyloid degeneration of the malpighian corpuscles 
of the spleen. Thus the finding that tuberculous rabbits under the influence of 

TABLE 9 


The effect of estrogen and chorionic gonadotropin on the development of amyloid degeneration 
and its correlation with the extent of the existing tuberculosis 


GROUP 

Tt ABB IT 
NUMBER 

EXTENT 0 ¥ 
AMYLOID DE- 
GENERATION 

EXTENT OF 
TUBERCU- 
LOSIS 

GROUP 

RABBIT 

NUMBER 

EXTENT OF 
AMYLOID DE- 
GENERATION 

EXTENT OF 
TUBERCU- 
LOSIS 

Untreated 

C6-54 

+++ 

10.0 

Estrogen 


0 

3.0 

controls 

C7-10 

+++ 

20.0 

treated 


0 

15.0 


C7-27 

+++ 

17.5 


C7-26 

+ 

9.5 


C7-S 

+ 

15.0 


C7-7 

0 

9.0 


C7-29 

H — 1 — b + 

15.0 


C7-2S 

0 

6.5 


C7-13 

+ + + 

19.5 


C7-12 

0,TB* 

8.5 


C7-16 

+++ 

13.5 


C7-15 

zk 

S.O 


C7-3G 

+++ 

27.0 


C7-40 

+=b 

16.5 


A10=30 

++ + 

22.0 


A10=27 

trace 

14.0 


A10=23 

0 

10.5 


A10=21 

+ 

19.5 


A10=19 

+++ 

24.5 


A10=1G 

0,TB* 

9.0 



+ + 

16.5 


A10=25 


17.5 

Untreated 

A7=29 

+ + + 

12.0 

Gonadotropin 

A7 = 24 

+++ 

17.5 

controls 

AS =22 


16.0 

treated 

AS =20 

+++ 

16.0 


AS=3S 

+++ + 

7.0 


A7=39 

+++ 

16.5 


AS =45 

+++ + 

7.5 


A9 = 56 

+ + 

22.0 


AO =54 

0 

S.O 


A9=63 

0 

1S.0 


A9=G1 

0 

13.0 


A9=43 

+++ 

9.0 


A9=40 

++++ 

13.0 


A9=87 

+++ 

16.0 


A9=44 

0 

1.5 






A9=57 

0 

5.5 






* Tuberculosis present. 


estrogen either failed to show any amyloid degeneration at all, or were affected 
by it only to a very slight degree, appeared to be of considerable significance. 
Moreover, in untreated litter mates simultaneously infected with the same sus- 
pension of virulent bovine tubercle bacilli by the same route, which died or were 
killed at the same time, the degeneration was usually extensive and frequently 
had practically replaced most of the splenic parenchyma. This is illustrated 
in figures 3 and 4 of Plate I. 

That this effect is specific for estrogen is indicated in table 9, which records the 
extent of amyloid degeneration in estrogen-treated and chorionic gonadotropin- 
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ble rabbits is the degree of localization of the infection. Resistant animals 
restrict the disease to the portal of entry; susceptible rabbits permit it to spread. 
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PLATE I 

Magnification of figures 1 ami 2 approximately X -t it), ami of figures ami t approximately 

x too 

!m. I. (Upper leff) Adrenal of control raliliit C7-2P at death. There is a largo area 
of necrosis in the cortex. 

hu;. 2. (Upper right) Adrenal cortex of estrogen -treated litter mate G7-2S. 
l'io. 3. (Lower left) Spleen of control rabbit C7-13. The pulp is largely replaced by 
amyloid degeneration. 

Fin. -1. (Lower right) Spleen of estrogen-treated litter mate G7-12. There is no 
amyloid degeneration. 
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ascribed to their adrenocortical influence on this basis. The increased secretion 
of ascorbic acid by the adrenals may be a factor in the reduction of the tuberculin 
sensitivity of their skin, for Steinback (27) showed that sensitized guinea pigs 
may be protected from tuberculin shock with ascorbic acid. 

In view of recent claims that antibod}' production is enhanced by the adminis- 
tration of cortical hormones, it is noteworthy that neither estrogen nor gonado- 
tropin significantly affected agglutinin formation against the typhoid or dysen- 
tery bacillus. While there is no clear evidence that these sex hormones affect 
the disease via the adrenals, it must be emphasized that tuberculosis as such 
causes a marked hypertrophy of the gland, suggesting that it plays a significant 
role in the tuberculous process. In this relation it may also be stated that in 
one-lialf of the rabbits under the influence of estrogen there was some hyper- 
plasia of the thyroid. This indicates that the administration of estrogen is not 
without effect on other endocrines. 

One of the most impressive differences between estrogen-treated and control 
tuberculous rabbits was the marked reduction in amyloid degeneration in the 
spleen which is characteristic of rabbits dying from chronic tuberculosis. This 
could not be accounted for by the less extensive disease in the hormone-treated 
animals. Frequently the difference in the extent of the disease was only moder- 
ate in the two litter mates, whereas the amyloid degeneration was extensive in 
the control animal and completely absent in the estrogen-treated rabbit. This 
effect was specific for estrogen, as ovariectomy or progesterone and gonadotropin 
treatment had no effect on the degree of amyloid degeneration. The significance 
of this observation remains to be determined. 

In the same category is the fact that, while prolonged estrogen treatment tends 
to reduce the adrenal weights, the incidence of degenerative processes in the 
adrenal, such as hemorrhage, leukocytic infiltrations, and focal necrosis is defi- 
nitely reduced in estrogen-treated rabbits. What this means has not yet been 
ascertained. 

Conclusions 

1. Estrogen retards the progress of tuberculosis at the portal of entry in the 
skin and diminishes its dissemination to the internal organs in highly inbred 
rabbits chiefly by reducing the permeability of the connective tissue. 

2. Chorionic gonadotropin enhances the disease at the portal of entry and its 
spread through the body mainly by increasing the permeability of the connective 
tissue. 

3. Ilyaluronidase exerts a greater spreading effect in estrogen-treated animals 
than in rabbits under the influence of gonadotropin. 

•t. Estrogen reduces the numlxr of circulating lymphocytes of the blood. The 
intermediation of the adrenal cortex in this effect was not demonstrated. 

o. Tuberculosis pc* re induces a marked hypertrophy of the adrenals in rabbits. 

0. The reduction of the inflammatory responsiveness of the skin to the prod- 
ucts of tulsNcIe bacilli induced by estrogen is not a significant factor in this hor- 
mone’s capacity to retard the tul^rculous process. 
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7. Estrogen and gonadotropin exert no effect on antibody formation. 

S. Estrogen markedly suppresses the development of amyloid degeneration 
in the spleens of tuberculous rabbits. 

StTMARIO 

Faclores Constitucionahs cn la Rcsilcntia a la Infection: III. Modo de Acluar 

del Estrdgeno y dc la Gonadolropina sobre la Evolution de la Tuberculosis 

1. El estrdgeno retarda el proceso tuberculoso en la via de entrada en la piel 
y disminuye’Su diseminacidn a los drganos internos en los conejos muy entre- 
cruzados, principalmente por reducir la permeabilidad del tejido conjuntivo. 

2. La gonadotropina coridnica realza la enfermedad en la via de entrada y su 
propagacidn por el cuerpo, principalmente por acrecentar la permeabilidad del 
tejido conjuntivo. 

3. La hialuronidasa ejerce mayor efecto propagador en los animales tratados 
con estrdgeno que en los conejos sometidos al influjo de la gonadotropina. 

4. El estrdgeno reduce el numero de linfocitos en la circulacidn. No se 
demostrd la intervencidn de la corteza suprarrenal en este efecto. 

5. La tuberculosis evoca per sc pronunciada hipertrofia de las suprarrenales 
en los conejos. 

6. La disminucidn, evocada por el estrdgeno, de la respuesta inflamatoria de 
la piel a los productos de los bacilos tuberculosos no constituye un factor signi- 
ficative en la capacidad de dicha hormona para retardar el proceso tuberculoso. 

7. El estrdgeno y la gonadotropina no ejercen efecto alguno sobre la forma- 
cidn de anticuerpos. 

8. El estrdgeno suprime notablemente el desarrollo de degeneracidn amiloidea 
en los bazos de los conejos tuberculosos. 
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LETTERS TO THE EDITORS 

STREPTOMYCIN-DEPENDENT STRAINS OF MYCOBACTERIUM 

TUBERCULOSIS 

To (he Editors of the American Review of Tuberculosis: 

Miller ami Bohnlioff in 1917 (Science, 1917, 105 (2737), 620) were the first to demon- 
strate that bacterial variants dependent upon streptomycin for growth may appear in 
cultures otherwise sensitive to streptomycin. This observation lias been confirmed since 
by a number of other investigators. Recently we have been successful in isolating several 
streptomycin-dependent- variants of M. tuberculosis. 

In a study of the chemotherapeutic value of various antituberculous agents, mice 
infected introcerebrally with the IirrRv strain of M. tuberculosis were cultured at the time 
of death on four media*. ( 1 ) Dubos liquid medium, containing 0.02 per cent Tween SO and 
0.5 per cent albumin; (2) Dubos medium to which had been added streptomycin in a 
concentration equivalent to 500 y of pure streptomycin base per ml.; (S) Herrold’s egg 
yolk agar; and (4) Herrold’s egg yolk agar to which streptomycin had been added in a 
concentration equivalent to 500 y of pure base per ml. Incubation was carried out at 
37° C for a period of six to eight weeks. 

A total of 190 animals were cultured. Of these, 161 were positive for tubercle bacilli 
when cultured on the Dubes medium containing no streptomycin; 147 were positive when 
cultured on Herrold’s egg yolk medium containing no streptomycin. On one or both of 
these media, 1S4 (95 per cent) of the 196 animals cultured were positive for tubercle bacilli. 
All of these strains were highly sensitive ( <10 per ml.) to streptomycin in spite of the 
fact that many of the animals had received repeated injections of large dosages of strepto- 
mycin for thirty-one days following inoculation. 

Of the 190 animals cultured, 13 were positive for tubercle bacilli when cultured in Dubos 
liquid medium containing 0.02 per cent Tween SO, 0.5 per cent albumin, and the equiva- 
lent of 500 y of streptomycin base per ml. These same 13 animals all showed growth of 
streptomycin-sensitive tubercle bacilli when cultured in the absence of streptomycin. 
All of the strains isolated on the streptomycin-containing media at first grew only in the 
presence of high concentrations of streptomycin. On subsequent transfers in vitro, rapid 
and heavy growth appeared in all instances on media containing streptomycin, dihydro- 
streptomycin, mannosidostreptomycin, or streptomycin residues containing both strepto- 
mycin and mannosidostreptomycin. Faint growth occurred at this time, however, in 
all instances on streptomycin-free media, but subculture of these nondependent variants 
indicated that they could not be propagated repeatedly in the absence of streptomycin. 

In all cases, the streptomycin-dependent strains of tubercle bacilli described above were 
highly resistant to streptomycin in vitro. The sensitivity of S of these strains to strepto- 
mycin ranged from 5,000 to 10,000 y per ml., while 2 were sensitive to 2,500 y per ml. 
The remaining 3 strains grew readily in concentrations of streptomycin equivalent to 
more than 500 y of pure streptomycin base per ml. In all instances, the growth was less 
in the presence of low concentrations of drug, suggesting that the strains may well contain 
some cells growing more readily in the presence of higher concentrations of streptomycin. 

In no instance were streptomycin-dependent variants isolated on Herrold’s egg yolk 
medium containing streptomycin. 

Of the 13 streptomycin-dependent strains isolated, 6 were tested for virulence and for 
their in vivo sensitivity to streptomycin. Mice belonging to the C57 or DBA strains were 
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infected intracerebrally with 0.01 cc. of a standardized culture of each strain. All cultures 
used for inoculation of mice were grown for ten days in the Dubos liquid medium contain- 
ing 0.02 per cent Tween SO and 0.5 per cent, albumin. Cultures were diluted with sterile 
Dubos liquid medium immediately prior to use to a final density of 57 to 63 per cent trans- 
mission (Photovolt Lumetron No. 400). A portion of the infected mice were held ns 
untreated controls while 10 received 4 mg. (total weight) of pure streptomycin sulfate 
daily by the subcutaneous route for a period of thirty-one days. All animals were ob- 
served for a period of six months. Animals were autopsied at the time of death and the 
presence of tuberculous lesions determined by gross pathological examination, culture for 
tubercle bacilli and by microscopic examination for acid-fast bacilli. The degree of 
pathogenicity was measured by the rate at which the mice succumbed to the tuberculous 
infection. Only one or 2 of the 6 strains showed a degree of virulence comparable with 
the original culture of HnRv from wliich these streptomycin-dependent strains had been 
derived. The remaining strains possessed little virulence for mice, three to six months 
being necessary to produce death in a portion of the animals, while the remainder survived 
for a period of over six months. In no instance was virulence enhanced by the administra- 
tion of streptomycin. Those strains possessing virulence, however, were sensitive to 
streptomycin in vivo. 

At the time of death all animals showed gross evidence of tuberculosis. On culture 
from the lungs of a portion of these animals, both streptomycin-resistant and strepto- 
mycin-dependent strains of tubercle bacilli were isolated. In no instance were strep- 
tomycin-sensitive strains recovered. This is of interest in view of the fact that some of 
the cultures were recovered from streptomycin-treated animals in which the per cent 
survival was slightly greater than in the nontreated animals. 

It is apparent from these observations that variants of M. tuberculosis dependent upon 
streptomycin for growth may appear in otherwise sensitive cultures. It is further appar- 
ent that dependency probably is associated closely with resistance in view of the fact that 
all dependent strains isolated wore resistant to streptomycin in vitro, and on passage in 
vivo produced streptomycin-resistant and streptomycin-dependent strains only. The 
ability of microorganisms to adapt themselves in such manner ns to permit their uti- 
lization of streptomycin as an essential factor for growth may contribute in part to the 
limited effectiveness of the drug as a chemotherapeutic agent. 

T. F. Lknt.kt 

G. L. Honor 

Biological Laboratory 
Crus, Prirrin Co., Inc., 

Brooklyn, Nr.w York. 

Ocronrn 29, 194S. 
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TUBERCULOSTATIC ACTIVITY OF AUREOMYCIN IN VITRO AND 

IN VIVO 

To the Editors of the American Review of Tuberculosis: 

In view of the interest in the possibilities of aureomycin as a therapeutic agent in 
tuberculosis, it may be of value to present some preliminary results of experiments on the 
tuberculostatic effect of this drug in vitro and in vivo. 

The growth inhibiting action of aureomycin 1 (Lederle Lot No. 7-8071 A, crystalline 
hydrochloride) on the laboratory strain H37 Rv was tested in four different types of fluid 
medium. After eleven days of incubation, growth was inhibited by 5 y of aureomycin per 
cc. in Tween-albumin medium; 2.5 y per cc. in Proskauer and Beck’s medium; 5 y per cc. 
in Youmans’ modification of the Proskauer and Beck medium, and 40 y per cc. in the 
latter medium plus 10 per cent beef serum. At the sixteen day observation period, the 
minimal inhibitory concentration was 10 y per cc. in Tween-albumin and Proskauer and 
Beck’s medium, 20 y per cc. in Youman’s modification of Proskauer and Beck’s medium, 
and over 40 y per cc. in the medium with serum. 

Twenty guinea pigs (average weight 500 Gm.) were infected subcutaneously with 0.02 
mg. of the H37 Rv microorganisms and one-half of the group were started on aureomycin 
treatment ten days later. The drug was given by intramuscular injection at twelve hour 
intervals. Initial dosage was 0.2 mg. per day, which was increased gradually to 1.6 mg. 
per day. It was felt that the animals could not tolerate much more than this amount 
for they exhibited a marked weight loss and appeared to be in worse condition than the 
untreated controls subsequent to the third week of therapy. 

All survivors were killed 58 days after infection. At this time, 7 of the treated animals 
had died, but only 2 of the controls had succumbed. A comparison of the amount of 
tuberculous disease observed grossly at death or sacrifice revealed no difference between 
the group treated with aureomycin and the untreated control group. 

It would appear from these observations that aureomycin, in the dosage used, had no 
deterrent effect on the course of the tuberculous disease in guinea pigs. 

It is realized that the aureomycin dosage was relatively small, but it compares favor- 
ably with the intramuscular dosage in man reported in the literature (0.6 to 3 mg. per kg. 
per day, Bryer ct ail., J. A. M. A., 1948, 138: 117; and Wright el al., J. A. M. A., 1948, 138: 
408). Moreover, the dose used in the present experiments was the maximum tolerated 
dosage for the guinea pigs by this route. The response of tuberculous infection of animals 
of other species which might be able to tolerate higher doses of aureomycin cannot be 
predicted. The intramuscular administration of aureomycin to guinea pigs, however, had 
no effect upon the course of their tuberculous infections. 

The Trudeatj Laboratory 
Trudeau, New York 
December 17, 1948 

1 Supplied by courtesy of the Antibiotics Study Section, National Institute of Health, 
United States Public Health Service, Washington, D. C. 


W. Steenken, Jr. 
E. Wounsky 
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Tuberculous and Meningococcal Meningi- 
tis. — A patient with meningococcal meningitis 
was being treated adequately. Although the 
cerebrospinal fluid became sterile, the patient’s 
condition suddenly took an unfavorable turn. 
Evidence of a coexisting tuberculous infection 
then was found and the patient died. The 
diagnosis was confirmed by necropsy. In 
retrospect, the fact that only 54 per cent of 
the cells in the cerebrospinal fluid were neutro- 
philes is of interest. The reported case is 
about the thirty-fourth in the literature. — 
Coexisting tuberculous and meningococcal men- 
ingitis, E. A. Riley, New England J. Med., 
September 29, 1948, 239: SSG.—{k. G. Cohen) 

Tuberculous Pericarditis. — Tuberculosis is 
recognized as a cause of constrictive peri- 
carditis. Pockets of fluid or of inspissated 
residue have been found in the pericardium 
but a frank abscess containing tubercle bacilli 
has not been reported. Pleural effusion is a 
frequent concommitant and may be part of 
a polyserositis. A case is reported which 
progressed through the usual course of 
pericardial effusion, pleural effusion, and 
venous obstruction. At operation a tuber- 
culous abscess was found, pericardectomy was 
done, and streptomycin was instilled locally 
and given parenterally after operation. A 
good clinical result was obtained and no 
sinus developed. — Constrictive pericarditis with 
tuberculous intrapericardial abscess treated 
with streptomycin, J. A. Moore & J. D. 
Murphy, Ann. Sarg., May, 1948, 127: 685 — 
(T7. H. Oaiway, Jr.) 


Pathogenesis of Industrial Pulmonary 
Disease. — The discussion is limited to sub- 
acute and chronic pulmonary disease resulting 
from the inhalation of particulate matter of 
low solubility. The inhalation of irritating 
dusts results in certain changes in the behavior 
of the lung which in some cases favor the re- 
tention of fine particles in larger numbers than 
usual. For example, there is a reduction in 
the pulmonary volume and an increase in the 
rate accompanied by bronchiolar constriction 
which, if maintained, leads to stasis of secre- 
tions, patchy atelectasis, and emphysema. 
Bronchiolar constriction is accompanied by 
an increase in residual ah'. Reduction of the 
capillar} 7 flow in atelectatic areas creates con- 
ditions favorable to the accumulation of 
phagocytes which have engulfed the dust. 
These phagocytes may die in situ, autolyze, 
and liberate dust which, if toxic, stimulates 
local fibrosis. Thus atelectasis and emphy- 
sema resulting from bronchiolar constriction 
favor markedly the local deposition of dust. 
The majority of the particles are carried by 
lymphatics to the hilar nodes but some enter 
the capillaries and flow into the systemic cir- 
culation. This is a protective mechanism as 
regards particles that have settled in the 
alveoli and the overall drainage rate is an 
important factor. The upper portions of the 
lung are first and most severely affected, sug- 
gesting that the rate of drainage is closely re- 
lated to lung movement. This is consistent 
also with the observation that continued activ- 
ity sometimes delays the onset and lessens 
the disability in some progressive pulmonary 
diseases. At present the solubility of the 
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particles is thought to be the most important 
factor in the production of pneumoconiosis. 
Certain critical considerations must be eval- 
uated, however, before accepting this theory. 
(1) The chemical attributes of inhaled ma- 
terial must greatly affect the diameter and 
degree of tissue reaction. (£) The differences 
in solubility between active and inactive dusts 
have been classified only empirically as yet. 
($) Toxic materials and ions which dissolve 
from the surface must be shown to differ 
quantitatively and qualitatively and their 
solubility must be related to the pathogenicity 
of the particles. This lmd been shown to be 
generally true of silica. The determination 
of solubility of silicious materials is difhcult 
but it has been shown that the solubility of 
quartz dust is inversely related to the particle 
size. Other unsolved problems include the 
effects of critical concentration on the rate 
and the course of development of the disease. 
It follows that the development of chronic 
pulmonary disease is dependent upon (/) the 
chemical characteristics of the dust, (£) the 
solubility rate of particles within certain 
ranges and (S) exposure to an adequate con- 
centration of dust over a sufficient period of 
time. The rate of development will depend 
upon the adequacy of the drainage system ns 
determined by previous history with respect 
to earlier infections and exposure to the irri- 
tant. Tis-me reaction*: are seen peribronrlii- 
nlly, in the pleura, perivascular tissues, inter- 
rtitinl tissues, alveolar wall, and along the 
lymphatics. Where phagocyte* have ac- 
cumulated and <licd, focal proliferation in the 
pcrilymplintic sheaths with an accumulation 
of phagocytes impairs lymphatic drainage. 
Ti.o outstanding pathology may in the lung 
r.r.d tic disturbance of lung function may 
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of beryllium from the ore, the production of its 
salts, oxides and alloys, during the manu- 
facture of fluorescent Lamps, neon tubes, radio 
tubes, and in research and pharmaceutical 
plants. In all of these situations there has 
been definite evidence of disease among the 
employees with symptomatology, roentgeno- 
graphic pattern, and pathology so similar that 
beryllium or one of its compounds is suspected 
as the cause. The incidence and severity of 
the disease arc proportionate to the degree of 
exposure and chemical irritation. Most 
patients recover within a few weeks or months 
following removal from exposure but re- 
currence may occur without re-exposure and 
the disease may last months or years. The 
onset may be as long as six years after the 
last exposure. The onset is insidious and 
characterized by cough with occasional dull, 
burning substcrnal pain. Dyspnea follows 
the cough; cyanosis, low blood pressure and 
clubbing of the fingers arc frequent physical 
findings. Anorexia and weight loss are com- 
mon, usually accompanied by increasing fa- 
tigue. Physical findings indicate an absence of 
infection although the pulse rate is rapid. 
The pathology is that of an atypical pneumoni- 
tis, pulmonary edema, and hemorrhage. The 
lesions in the so-called chronic pulmonary 
granulomatous are seen grossly as small pin- 
head-sized, whitish nodules throughout the 
lungs. Lymph nodes occasionally art* en- 
larged and may show areas of granular, 
grayish-white necrosis. The earliest le-ion* 
consist of clumps of hystiocytcs and moderate 
edema within the alveoli. Later the nodule- 1 
of histiocytes are surrounded bv a zone of 
lymphocytes nnd occasional pla*ma roll' 
The end stage L marked by an area of hyaline 
ration. Only subacute ar.fi chronic form* of 
the di"on*e Lave }»<vn recognized but it '■ ‘ 
po*rib!e that there i« an acute type a! 4 ” *11 ' 
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nodules are then seen. These disappear in 
one to four months and are usually gone before 
the symptoms subside . Some residual fibrosis 
may be seen. Most of the cases followed by 
the authors, some since 1942, were of the 
chronic type. Much hilar lymph node en- 
largement was found in these cases and was 
associated with upward displacement of the 
short septum and with basal emphysema. 
With the increase in basal emphysema more 
cases having clubbing of the fingers and 
cyanosis may appear. Seven cases developed 
small pneumothoraces. A few cases have 
shown a clearing of the granular and nodular 
densities, but some residual linear fibrosis 
was present and clinically’ there was evidence 
of subnormal pulmonary function. The size 
of the nodules varied in individual cases; in 
a few the original “sand-like” pattern was 
retained or simulated by a fine nodulation. 
Roentgenograms during acute exacerbations 
showed what is believed to be edema. The 
patient usually recovered with bed-rest and 
oxygen therapy and the roentgenographic 
findings returned to the pattern seen before 
the attack. Those who succumbed usually 
bad cor pulmonale. The degree of involve- 
ment as seen roentgenologically is not always 
an indication of the degree of disability. 
Differential diagnosis includes a consideration 
of pulmonary sarcoidosis, miliary tuberculosis 
and silicosis. No specific mode of treatment 
has been found. Spectrography has been the 
only reliable method for detennining such 
small amounts as 5 7 or less. It can be used 
to detect beryllium or beryllium products in 
the urine and to analyze dust concentrations 
in the plants. — Delayed chemical pneumonitis 
or diffuse granulomatosis of the lung due to 
beryllium, S. A. Wilson, Radiology, June, 
194S, 50: 770— (G. F. Mitchell ) 

Beryllium Pneumonitis. — A laboratory', 
worker developed a chemical pneumonitis 
three years after exposure to zinc beryllium 
manganese silicate used in making fluorescent 
lamps. The period of exposure was one year. 
The chief symptoms were cough, dyspnea 
and extreme loss of weight. The roentgeno- 


gram four months after the onset showed fine 
punctate lesions or gray markings through- 
out both lung fields. A film at eight months 
showed the same findings with some evidence 
of a reticular pattern. At seventeen months, 
there wasmorereticulation with small scattered 
nodules about 2 mm. in diameter. At twenty- 
one months, there was more definite fine nodu- 
lation. At thirty months, there was con- 
siderable fibrosis. A liver biopsy showed a 
granulomatous lesion. Clinically', there was 
no improvement three years after the onset. — 
Delayed pneumonitis in a beryllium ivorker, 
J. N. Agate, Lancet, October 2, 1948, 2: 580 . — 
(A. G. Cohen) 

Anthraco-slllcosis. — Anthraco-silicosis, com- 
monly called “miner’s asthma”, is a chronic 
disease due to breathing air containing dust 
formed in the various processes of mining 
and preparing anthracite coal. It is char- 
acterized anatomically by generalized fi- 
brotic changes throughout the lungs, the 
presence of excessive amounts of carbonaceous 
and siliceous material, a compensating em- 
physema, and often by' cardiac changes in the 
later stages of the disease. A review' of some 
observations made in coal miners wdth an- 
thraco-silicosis over a period of 27 years is 
presented. One thousand cases were studied 
from the standpoint of the age and build of 
the worker, the working conditions, years of 
exposure, and race. No race wrns found to be 
particularly resistant. A man must be ex- 
posed to a siliceous dust from five to seven 
years before changes in the lungs can be noted 
in the roentgenogram. A thorough history 
and roentgenographic examination, including 
fiuroscopy', is essential for the diagnosis. 
Stereoscopic films are indispensible in the first 
and second stages of the disease. Infection 
is more frequent in the third stage of the dis- 
ease and nonspecific infections in the first and 
second stages respond quite well to ordinary 
treatment. Tuberculosis is not a common 
complication in the first two stages of the 
disease nor under the age of fifty. Total and 
permanent disability has never been observed 
from anthraco-silicosis alone unless the dis- 
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observed in 1947 which could be proved to be 
identical with Q-fever by complement fixa- 
tion tests. He was able to identify the dis- 
ease among a family group of 4 people all of 
whom became ill within three days with a 
characteristic febrile illness accompanied by 
moderate to marked prostration and exten- 
sive pathological findings in the lungs. An- 
other epidemic of tliis disease was obsered in 
a village where 50 cases of Q-fever pneumonitis 
were seen within four weeks. One of these 
eases was fatal. Thirty cases were observed 
in a boarding school in Geneva in June, 1947 
and sporadic cases have been observed in the 
spring and fall of 1947 in the canton of St. 
Gallen. The illness was characterized by 
fever, severe constitutional symptoms, head- 
ache, and profound prostration. Physical 
examination was often negative but roentgeno- 
grams usually showed impressive consolida- 
tions in one or more lobes. The course was 
usually benign with resolution between the 
fifth to twelfth day, but pleural effusions and 
orchitis were frequently seen. The etiological 
agent is Rickettsia burneti and diagnosis is 
usually made by rising titers of the specific 
complement fixation test. A titer of more 
than l:2S is diagnostic. The vector is be- 
lieved to be Dermacenter andersoni which is 
commonly found on cattle but ticks were not 
encountered in the cases reported in this paper. 
Treatment of the illness is supportive and 
symptomatic. — Q-fcvcr ( Quccnslandfieber ) in 
dcr Schweiz, 0. GscU, Schweiz, mcd. Wchnschr., 
January 10, 194S, 78: 1. — (M. Marais ) 

Bronchial Adenoma. — Of 217 primary bron- 
chial tumors proved histologically at the Lahey 
Clinic since 1930, 15 (6.9 per cent) were ade- 
nomas. They were located principally in the 
major bronchi. They were seen by the bron- 
clioscopist in 12 of 14 cases examined. Grossly 
the tumor appears as a rounded, pink or 
reddish-purple mass, usually attached by a 
broad base. It bleeds profusely with manip- 
ulation. There are 2 histological types, 
carcinoid and mixed (cylindroma); the latter 
is considered by some to have malignant po- 
tentialities. Cases of adenoma which under- 


went malignant degeneration with or without 
metastases have been reported. Local in- 
filtrations are frequent. Sixty per cent of the 
cases were in patients less than 40 years of 
age. Eight were in females. The duration 
of respiratory symptoms prior to diagnosis 
ranged from eight months to six years. Cough 
is the most frequent symptom; it usually be- 
comes progressively worse and eventually is 
productive. Hemoptysis is an outstanding 
symptom. A wheeze was found in 3 cases. 
Dyspnea was present in 4 cases and was the 
result of atelectasis, obstructive emphysema 
or mediastinal shift. Varying degrees of 
chest discomfort were noted and pulmonary 
infections were frequent. Abnormal physical 
signs varied with the pulmonary changes. 
The treatment is either local removal or pul- 
monary resection. Local removal is adequate 
provided that there is a pedicle and no extra- 
bronchial extension, irreversible pulmonary 
damage or involvement of the carina. — 
Bronchial adenoma, C. R. Soudcrs & J. IF. 
Kina slcy, Jr., New England J. Mcd., Sep- 
tember 23, 194S, 239: 459. — (A. G. Cohen ) 

Calcification in Twins. — Pulmonary calcifi- 
cation in ten-year-old twin sisters is reported. 
Their skin tests were negative with tuberculin 
and coccidioidin, but positive with histo- 
plasmin. They had lived in Nebraska, 
Colorado, Illinois, Kansas, California and 
Michigan, several of which are in the Missis- 
sippi basin area where histoplasmosis is be- 
lieved to be most prevalent. The child with 
the greater amount of calcification had pre- 
viously had asthma, had a low grade fever, 
but had no current lung symptoms. Studies 
of sputum and nodes produced no fungus. — 
Pulmonary calcification in twins, G. Houston 
& IF. A. Steiger, J. Pedial., June, 1943, 32: 
706. — (TF. H. Oatway, Jr.) 

Streptomycin for Tuberculous Meningitis. — 
The results of treatment of 72 cases of tuber- 
culous meningitis are recorded; 13 of these 
began as miliary tuberculosis. In 9 cases no 
streptomycin was given and death ensued. 
The drug was given in 63 cases, of whom 34 
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laryngitis, one had endobronchial disease and 
the remaining three were considered to have 
a conspicuous bronchial factor in their pul- 
monary disease although lesions were not 
observed in the main stem bronchi at broncho- 
scopic examination. Subtilin therapy in the 
latter was directed toward presumed endo- 
broncliial lesions in the smaller bronchi. The 
progress of the disease was followed during 
therapy by means of frequent physical, 
fluoroscopic, and roentgenologic examinations. 
To determine the action and possible toxicity 
of subtilin, the following laboratory procedures 
were performed: determination of vital capa- 
city, measurement of daily sputum output, 
urinalysis, complete blood cell count, sedimen- 
tation rate, nonprotein nitrogen and sugar in 
the blood, protein in the serum, albumin- 
globulin ratio, icterus index, cephalin floc- 
culation, bromsulfalein liver function test, 
and phenolsulfonphthalein renal function 
test. The sensitivity of the tubercle bacilli 
to the antimicrobial action of subtilin was 
determined in 6 cases prior to treatment. Of 
the 4 patients with tuberculous laryngitis, 
improvement was marked in one, slight in one 
and questionable in one. In the fourth the 
disease progressed and the patient died. In 
the one subject with endobronchial disease, 
which could be carefully evaluated because 
of extensive lesions visible at bronchoscopy, it 
appeared that subtilin favorably influenced 
the endobronchial disease. After eight and 
one-half months of therapy bronchoscopy 
revealed no occlusion or other evidence of endo- 
bronchial disease. After ten months of sub- 
tilin therapy another bronchoscopic examina- 
tion revealed inflammation and granulations 
involving the pharynx, larynx, trachea and 
bronchi. Tubercle bacilli cultured from the 
sputum at this time were twice as resistant to 
subtilin as organisms recovered before treat- 
ment. Although the development of marked 
bacterial resistance was suspected, this was 
not proved by cultural studies, and the cause 
of the reactivation of the endobronchial dis- 
ease is unknown. The condition in the 3 pa- 
tients in whom endobronchial tuberculosis 
was presumed to be present in the small 


bronchi showed no significant change during 
therapy. Suggestive evidence of the develop- 
ment of bacterial resistance to subtilin in vivo 
was obtained in 3 cases. No evidence of 
toxicity in the kidneys, liver or bone marrow 
was encountered. The lack of serious toxicity 
encountered may be inherent in the mode of 
administration wliich results in negligible 
systemic absorption of subtilin. Administra- 
tion of subtilin by inhalation was associated 
with irritation of the respiratory tree in almost 
all patients during the first two or three weeks, 
after wliich the symptoms subsided or disap- 
peared. Asthma developed in one subject 
and the drug was discontinued. Further 
investigation of the therapeutic possibilities 
of subtilin must await basic research directed 
towards development of derivatives more 
soluble in physiological fluids. Subtilin in 
its present form lias no place in the treatment 
of tuberculosis other than for purely investiga- 
tive purposes. — Topical application of sub- 
tilin to tuberculous lesions in man, S. M. Farber, 
H. R. Eagle, H. H. Anderson, & R. D. Gor- 
man, J. Lab. and Clin. Med., July, 1948, 33: 
799.— IF. G. Petrik) 

Prevention of Pulmonary Infection. — 
Chronic pyogenic bronchopulmonary disease 
results from primary acute infections of sev- 
eral types. It is essential that the acute con- 
ditions be treated vigorously until cured and 
also that chronic purulent bronchitis be con- 
trolled. A study of 50 infants and children 
who had been treated in the hospital with sul- 
fonamides and/or parenteral penicillin showed 
many to have had either ill health and pro- 
gressive pulmonary disease or good health and 
recurrent respiratory infections in the ensuing 
year. Pulmonary emphysema and fibrosis 
often accompanied the chronic lesions. Chil- 
dren with acute or residual infections should 
be checked at intervals, as are those who have 
had tuberculosis or rheumatic fever. In those 
with acute, subacute, or chronic infections, 
penicillin aerosol therapy may be of value. It 
may require weeks or months of daily treat- 
ments to heal or stabilize the condition and 
recurrent treatment may be needed. A plastic 
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the bacteriostatic action of 13 of the 20 com- 
pounds but did not increase the degree of 
bacteriostasis of any. In the medium with 
Tween and albumin, 5 compounds were more 
bacteriostatic than in the basal medium, 4 gave 
approximately the same results in the two 
media, and the remaining 11 were less bacterio- 
static than in the basal medimn. Unpurified 
and purified Tween SO gave approximately the 
same results with 7 of 14 compounds and in 
the remaining 7 compounds purified Tween SO 
produced less inhibition of bacteriostasis than 
the unpurified detergent. Under the condi- 
tions of the experiments the free oleic acid 
that may be present in Tween SO was not re- 
sponsible for the effect of this compound on 
bacteriostatic activities. In the presence of 
albumin the bacteriostatic activity of 12 of the 
13 compounds was essentially the same with 
purified and unpurified Tween SO. The ex- 
planation for the divergent results obtained 
with Tween SO on the 20 compounds employed 
in this study as compared with the results of 
other investigators is not apparent. There 
appears to be no relationship between the ac- 
tion of Tween SO on these compounds and 
their chemical structures nor did a fourfold 
reduction in the concentration of Tween SO 
produce significant changes in the results with 
5 compounds. The irregular results produced 
by the presence of Tween SO on the tubercu- 
lostatic activity of compounds indicate the 
desirability of employing as simple a syn- 
thetic medium as possible. Plasma, serum, or 
albumin can be added to the synthetic medium 
as a separate test to determine the inactivation 
of the compound by protein . — The effect of 
“ Tween SO" in vitro on the bacteriostatic activity 
of twenty compounds for Mycobacterium tuber- 
culosis , A. S. Youmans & G. P. Youmans, 
J. Bad., August, 194S, 56: 345.— (F. G. 
Pelrik ) 

Resistance of Mycobacteria to Strepto- 
mycin— This is a report of studies made of the 
orderly manner in which spontaneous variants 
occur in cultures of M. tuberculosis and M. 
ranac. The strains of tubercle bacilli used 
were I137Rv and 2 strains, WS and WR, iso- 


lated from the sputa of patients prior to the 
institution of treatment with streptomycin, 
one (WS) becoming resistant and the other 
(WR) remaining sensitive to streptomycin 
after treatment. Liquid and solid Tween- 
albumin media were employed. The results 
show that when large samples of bacteria were 
seeded on media containing streptomycin, re- 
sistant forms were isolated, the number being 
directly affected by the concentration of the 
drug in the media. A marked decrease in the 
number of colonies occurred when the drug 
concentrations were increased from 1 7 to 10 y 
per ml. and then to 100 y per ml. When 
certain high concentrations of the drug were 
used, such as 100 and 1,000 y per ml., no sig- 
nificant difference in the number of colonies 
was observed. More resistant variants were 
found in the strain WS, which later developed 
resistance to streptomycin after thirty days’ 
treatment, than in WR which remained sen- 
sitive to streptomycin. When the sample of 
bacteria used was sufficiently large and when 
the time allowed for growth was prolonged, 
the chances of finding resistant forms were 
increased. When only one sample is used, the 
conclusions drawn must be very limited, for 
great variations were noted among samples 
from the same parent population. When sen- 
sitivity studies are made in the usual manner, 
a time limit is used for allowing growth of re- 
sistant forms. When the time limit is ex- 
tended, a fe^v resistant forms may be allowed 
to multiply adequately and the results may be 
given a quite different interpretation. In ad- 
dition, the collection of sputum specimens from 
which the original stock cultures are grown 
must be considered inadequate in certain in- 
stances. All the varitions in resistance of the 
bacterial population in the diseased areas of the 
patient are probably never represented in any 
single or even in several sputum samples. It 
is conceivable that all the bacteria within a 
patient are not exposed to the same concentra- 
tion of streptomycin. Because of the low 
concentration of streptomycin in certain of the 
diseased areas, bacteria which may be readily 
susceptible to streptomycin are allowed to 
exist during the treatment period and it is con- 
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CHEMOTHERAPEUTIC MEASURES IN TUBERCULOSIS: GENERAL 
ASSESSMENT AND CURRENT PROBLEMS 1 

P. D’ARCY HART 2 
HISTORICAL BACKGROUND 

The ever widening field in which chemotherapy has achieved clinical success 
leaves the hitherto resistant infective diseases in increasing prominence. Among 
these, tuberculosis stands out as the main killing disease of bacterial nature 
affecting the productive groups of the population. The door to success at last 
seems to be opening, however, for in the past ten years clinical evidence of the 
value of a few substances has appeared. A number of others show promise. Let 
us, by way of introduction, take a brief look at the lines along which some of the 
researches have been traveling. 

Present day developments with synthetic chemical agents date from the ob- 
servation in 1938 by Rich and Follis (1) in Baltimore, that experimental tuber- 
culosis in the guinea pig could be retarded by sulfanilamide. Trial of this 
sulfonamide in tuberculosis was a logical consequence of the historic discovery in 
Europe four years previously that the drug exerted an appreciable effect in acute 
bacterial infections. Workers at the Pasteur Institute in Paris (2, 3) soon 
demonstrated the more impressive anti-tuberculous activity of the related sulfone 
compounds, and this series has been developed and exploited in many countries 
since 1939. 

Effective study of therapy with antibiotic substances, i.e., with antimicrobial 
substances produced by species of living microorganisms, dates only from the 
introduction of penicillin as a chemotherapeutic agent in 1940. This great 
advance, by encouraging intensive study of other soil microorganisms, led 
Waksman and his colleagues (4) in New Jersey to the isolation of streptomycin 
in 1944. This drug has been given more experimental and clinical trial in 
tuberculosis than has any other product of microbial origin. A recent general 
bibliography of streptomycin (5) lists no less than 263 papers having a bearing on 
tuberculosis. 

The development of the use of calciferol (vitamin D 2 ) in massive doses in lupus 
vulgaris has historical links with the treatment with enormous doses of cod liver 
oil given a century ago for many kinds of tuberculosis and for lupus (6). More- 
over, the use of calciferol is linked also with heliotherapy in lupus insofar as this 
stimulus marshals the body’s resources of vitamin D. Treatment with calciferol 
was introduced independently, and perhaps empirically, during World War II 
by Chnrpy (7) in France and by Dowling and Thomas (8) in England. Calciferol 
is not antibacterial in the sense of most chemotherapeutic agents but probably 
acts on the tissues of the host. 

1 Presented before the Medical and Public Health Sections, as part of the symposium on 
Some Unmet Needs in Tuberculosis Control, at the 44th annual meeting of the National 
Tuberculosis Association, New York, New York, June IS, 194S. 

1 Member of Scientific Staff, Medical Research Council, Great Britain. 
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TABLE 1 

Substances reported as antituberculous in vivo ( 1938 to 1948) 


EXPERIMENTAL ANIMALS 

MAN 

(a) Sulfonamides and sulfonc compounds 

Sulfanilamide (1, IS and see 19) 

Other sulfonamides (20) 

Promin (see 12, 19, 21) 

Diazone (see 12 and 21) 

Promizole (see 12 and 21) 

Sulfetrone (22) 

Other sulfones (23 to 25; and see 12) 

Promizole (26, 27; and see 12 
and 21) 

Sulfetrone (28 to 31) 

Other sulfones (32, 33) 

(b) Fatty acids and derivatives 

Ethyl palmitate and stearate (34) 

Certain chaulmoogra derivatives (35) 


(c) Aromatic compounds 

Certain naphthoquinone derivatives (36, 37) 

1- diethylamino 2-(2,4,6-triiodophenoxy)-ethane HC1 (38) 
Para-aminosalicylic acid (39 to 43) 

Thymol (48, 49) 

l,l,l-trichloro-2,2-bis (P-aminophenyl) -ethane (50, 51) 

2- butoxy-6-aminobenzothiazolc HC1 (52) 

Certain diaminomethylpyrimidines and related com- 
pounds (53, 54) 

Para-aminosalicylic acid (44 
to 47) 

(d) Miscellaneous organic compounds 

Nicotinamide (104, 105) 

Amido-compounds of a-furancarbonic acid (55) 
P-acetamidobenzaldehyde thiosemicarbazone (56) 

Ergosterol and related compounds (57, 58)* 

i 

P-acetamidobenzaldehyde thio- 
semicarbazone (106) 

1 Calciferol (7, 8, 59 to 63) 

(e) Antibiotics, etc. 

Streptomycin (see 17, 21, 64) | 

Mannosidostreptomycin (65) , 

Chloromycetin (102) i 

> Actinomycetes 

Streptomycin (66 to 70, 100) 

Subtilin (71, but see 72 and 107) 
Licheniformin (73) 

Nisin (74) 

| Bacteria 


Cepheranthine (see 75)* 

Usnic acid (76) 

!> Higher plants 

Cepheranthine (see 75) 


* W. H. Feldman and A. G. Karlson, in unpublished studies, have failed to confirm the 
observations of others that either ergosterol (nonactivated) or cepheranthine is an anti- 
tuberculous agent in experimentally infected guinea pigs (Personal communication, W. H. 
Feldman) . 
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streptomycin simultaneously (26) and further trials of combined therapy are in 
progress in many countries. 

Clinical trials of para-aminosalicylic acid (PAS) have been in progress in 
Sweden for two years (44, 47) and have been recently started in England (45, 
46), in the United States and elsewhere. Yet, from reading the few papers so far 
published it is difficult to come to a firm conclusion on the efficacy of this drug in 
human pulmonary tuberculosis, or even in tuberculous empyema where ap- 
parently dramatic results may occur. Reports on the use of the drug in the 
treatment of meningitis are meagre. PAS is difficult and expensive to manu- 
facture, and the early preparations were less satisfactory and more toxic than 
some in use at present. With the increased availability of satisfactory prepara- 
tions of the drug, the wider trials now taking place should give an answer, 
provided they are properly designed. The administration of PAS, both alone 
and in combination with streptomycin, has been followed by significant changes 
in the course of experimental tuberculosis in the hands of some workers (23, 39, 
42, 43), though not of all (41). There is no doubt that this interesting sub- 
stance requires thorough examination in the field. 

The dramatic and consistent improvements taking place under calciferol 
therapy (62) leave no doubt as to its efficacy in lupus vulgaris and certain other 
forms of skin tuberculosis. In tuberculous adenitis and possibly other non- 
pulmonary tuberculous conditions, suggestive results have also been obtained 
though the benefit is not clearly proved. In pulmonary tuberculosis the 
evidence for the efficacy of calciferol is very doubtful. 

The Japanese (see 75) have claimed that the administration of minute doses of 
the alkaloid ccphcranthine has resulted in improvement in many types of clinical 
tuberculosis. This drug is mentioned here only because the claims are so strong 
although well documented evidence is still awaited. 

The discovery of streptomycin was of historic importance, not only because it 
was tuberculostatic in the test-tube, for many other substances have this prop- 
erty though not often to the same degree, but because of its low toxicity which 
permitted its use in effective doses in animals and man. The successful results 
observed with the streptomycin treatment of experimental tuberculous infections 
in guinea pigs (79) heralded the first real advance in the long struggle against 
this disease. Moreover, these results revealed the error of the ideas previously 
held by many that, in order for the chemotherapy of tuberculosis to be suc- 
cessful, it would be necessary to overcome the obstacle of the supposed fatty coat 
of the tubercle bacillus (streptomycin is water-soluble yet apparently passes 
readily into the cell). 

The present status of streptomycin therapy in human tuberculosis has been 
succinctly described iu various American reports, including that of the American 
Trudeau Society (66 to 69, SO). It is sufficient to state here that British Medical 
Research Council trials confirm the immediate life saving power of this anti- 
biotic in a proportion of cases of tuberculous meningitis (70, SI) and acute 
miliary tuberculosis. Like the American workers, we have also found that 
streptomycin retards further progression and causes rather swift regression of 
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that element of pulmonary tuberculosis that is variously called infiltrative, 
exudative or bronchopneumonic. The striking improvements in some cases of 
ulcerative tuberculous laryngitis and tracheobronchitis following streptomycin 
therapy are sufficiently well known to require no further comment . 3 

SOME DEFECTS OF PRESENT ANTITUBERCULOUS AGENTS 

Consideration will now be given to certain failures to meet the requirements for 
a satisfactory chemotherapeutic agent revealed by clinical trial of the various 
antituberculous substances. 

A most important defect is toxicity. While the toxicity of streptomj'cin is 
remarkably low when considered in relation to effective dose, it nevertheless 
constitutes a problem. The permanent damage to the vestibular apparatus, 
even though it may be compensated for to some extent, provides a sound reason 
for the view that streptomycin is at present usually contraindicated in minimal 
pulmonary tuberculosis and in those other forms of the disease which may be 
satisfactorily treated by other measures. PAS can be given bj' mouth and seems 
to have little toxicity in man in the dosage used at present, but its efficacy is still 
subjadice. The sulfone drugs produce toxic blood changes to a varying degree, 
though these are comparatively slight with some of tire newer products, particu- 
larly when administered by the parenteral route. The goitrogenic activity of 
the compounds, though again slight in some, is a distinct disadvantage. Mas- 
sive doses of calciferol not uncommonly produce toxic effects, but these are 
seldom of sufficient severity to contraindicate the use of the drug. 

Another and notorious bugbear of certain antituberculous agents, particularly 
streptomycin, is the phenomenon of the appearance of drug-resistant strains of 
bacilli. In the case of streptomycin, drug-resistant strains are frequently 
demonstrable after a month or more of treatment. It is of interest that this 
phenomenon seems to occur much less frequently in the course of meningitis 
than in pulmonary tuberculosis. If the great majority of the infecting bacilli 
cease to be susceptible to the drug, the curve of the patient’s progress may 
flatten out after an initial improvement. Likewise, a patient may do well at 
first under streptomycin therapy but, if the disease flares up, say a year or more 
later, it may then be insusceptible to the drug. Consequently another reason 
against indiscriminate use of streptomj'cin in minimal disease amenable to 
ordinary treatment is the fear of spoiling the patient’s chances for successful 
chemotherapy in the event of- a subsequent relapse. From the community 
standpoint there is also a danger that new cases of tuberculosis will arise from 
contact noth persons previously treated with streptomycin and who are dis- 
charging drug-resistant bacilli. The bacilli in such secondary cases might be 

3 A further group of compounds should be included under the heading or recent chemo- 
therapeutic successes claimed in man. With the sulfonamides as starting point, Domagk 
and his collaborators in Germany have branched off on a new line, resulting in active thio- 
semicarbazones (56). Two of these, p-acetamidobenzaldehyde thiosemicarbazone and 
nnisnldeliyde thiosemicarbazone, have been given clinical trial, benefit in lupus vulgaris 
being claimed (106). 
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streptomycin-resistant from the very beginning of the infection and hence the 
disease would not be affected by streptomycin therapy'. 

The toxicity problem is being attacked in a number of ways. The most 
obvious approach is to synthesize new substances and to continue the search for 
fresh antibiotics. Attempts are being made to alter the chemical constitution of 
certain of the antituberculous antibiotics, including those that have not 
progressed beyond animal experimentation, in the hope of reducing toxicity more 
than antimicrobial activity.' 1 It is possible that the same end may eventually' be 
achieved by the sjmthesis of analogues of the simpler of the antibiotics. Re- 
duction of the toxic effects of streptomycin is being attempted in the field by 
various modifications of the dosage schedule, as in current trials sponsored by 
the National Institute of Health and by T the use of streptomycin in conjunction 
with other drugs, c.g., the sulfones or PAS, in order to reduce the required dosage 
of the antibiotic. The results of animal experimentation (23, 43, S2, S3 and see 
73 and S4) suggest that both of these lines of investigation have promise. 

Various approaches are also being explored towards prevention of the baffling 
phenomenon of the emergence of drug-resistant strains of bacteria under strepto- 
mycin treatment. The attempts include variations in the schedules of ad- 
ministration to see if the emergence to predominance of drug-resistant bacilli 
can be delayed or prevented. The administration of streptom 3 r cin in conjunc- 
tion with other chemotherapeutic agents may influence the phenomenon of 
drug-resistance, although a few results of simultaneous clinical use of sulfetrone 
and streptomycin (31) have not been encouraging. It would indeed be useful 
to have another drug to bring into action after the emergence of bacilli resistant 
to streptomycin. On the other hand, the fact that, in our experience, some 
cases of pulmonary tuberculosis continue to improve, even when resistance to 
streptomycin has apparently developed, may indicate that an important propor- 
tion of the bacilli are still sensitive (So). It is equally' possible, however, that 
such improvement represents an effect of the patient’s own resistance after the 
action of the streptomycin has ceased (SG). 

Defects other than those just mentioned are associated with one or more of 
the antituberculous agents under investigation at present. Caseous tissue 
seems to resist penetration by streptomycin, and pus is an unfavourable medium 
for its action, possibly on account of the depressive effect of an acid pH on an 
antibacterial drug of basic nature (87). This phenomenon may explain why the 
effects of streptomycin tend to be limited to the “exudative”, bronchopncumonic 
elements of tuberculosis rather than the more chronic caseous elements, and why 
the dnig is notably ineffective in tuberculous empyema. There is the possibility 
that PAS an acidic drug, does not possess these disadvantages. 

In summary, it must be admitted that no single agent, not even streptomycin, 
has yet satisfied all the requirements for full chemotherapeutic success. The 
most important of these requirements are (SS): (I) absence of serious or ir- 
reversible physiological derangements; (2) reversal of established progressive 
disease to nonprogression, resolution, fibrosis or calcification; (3) results to be 

4 Thi« appear? to have been achieved in the recent development of <iihy<lro*irepto:nyctn. 
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achieved in a reasonable period and to be lasting; (4) repeated use of the drug 
to be possible; and finally (5), a more questionable requirement, complete eradi- 
cation of virulent infection. It would be foolish to assume that even combin- 
ations of current agents will entirely satisfy these criteria. Consequently, every 
new dnig which appears to ho suitable and safe for clinical application in tuber- 
culosis must be submitted to the most grueling clinical-statistical assessment 
before it can be accepted or discarded. Otherwise, medical manpower and 
money may he culpably wasted to little purpose. 

This problem of the assessment of efficacy of possible antituberculous agents is 
so pressing and so timely that most of the remainder of this lecture will be 
devoted to its discussion. 

TECHNIQUES ron THE ASSESSMENT Or ANTITUBERCULOUS AGENTS 

Distinct advances in the laboratory methods for the testing of new antituber- 
culosis remedies have been made over the methods of ten years ago. For in 
vitro assays we have improved media such as those of Tollmans (25, S9, 90) 
and of Dubos and Davis (91), though it should he noted that the constituents of 
the latter medium may modify the chemotherapeutic action of some agents 
(92 to 94). For animal work we have the classical procedures of Feldman and 
Hinshaw (SS) in guinea pigs and the introduction of mice for intravenous, in- 
trapcritoncal and inhalation infection (42, 73, 95 to 97). 

In our techniques for assessing the value of new remedies in man, however, we 
are just emerging from the jungle of empiricism. Only a few months of enter- 
prise sufficed to introduce tuberculin and gold into the treatment of tuberculosis 
on a world scale, despite inadequate early clinical trials. Nevertheless it took 
many years of scientific persistence to discredit these forms of therapy (12). 
It should be mentioned that untreated controls were rarely used for comparison 
in the early days of gold therapy and when they were used (particularly in one 
outstanding American trial (9S)), the results were discouraging. 

In spite of these and similar experiences, it is doubtful whether we have yet 
fully learned the lesson of how easy it is to ascribe to a new drug the improvement 
noted in a hotchpotch of tuberculous infections, without due regard to the 
possibility of remission from other causes. Even now, in the recent and current 
trials of the sulfones, streptomycin, PAS and other agents, can it be claimed that 
the selection of material, uniformity of treatment, and the basis of comparison 
for assessment of results, have always readied scientifically desirable levels? 
Moreover, now that experience with streptomycin has proved that drugs can 
influence human tuberculosis, there is a danger that the dearly won and healthy 
attitude of caution may be discarded and over-optimism and a too easy ac- 
ceptance of newer measures take its place. 

These considerations bring us to a key question in clinical trials, namely, 
under what circumstances is it necessary' that a chance-selected, adequately 
matched group of untreated cases be studied concurrently with the cases receiving 
the particular treatment under investigation? If a drug prolongs life and 
produces apparent cure in a proportion of tuberculous infections of a tyqie usually 
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cooperative studies of the U. S. Veterans Administration, the Army, and the 
Navy (GO) has been organized on such a basis. Controls have also been used to 
some extent in a test of streptomycin in pulmonary tuberculosis at Maybury 
Sanatorium, Michigan (99), and arc a feature of the large scale cooperative trials 
of this drug in pulmonary tuberculosis recently started under the auspices of the 
Tuberculosis Study Section of the National Institute of Health. In controlled 
trials of this nature one can include heterogeneous types of the disease under 
study, provided that the total number of cases is sufficiently large to even out 
differences between treated and control groups. If this is not possible, the 
cases must be paired, which is a troublesome procedure. An alternative ap- 
proach is to restrict the study to a homogeneous type of disease. Under such 
circumstances the numbers need not be so large for a comparability to be achieved 
between the treated and untreated groups, although the results will be more 
limited. Other conventional treatment can be added to both groups, or with- 
held from both. The second alternative is preferable scientifically but difficult 
to achieve in practice. 

In Great Britain, extreme scarcity of supplies of streptomycin has up to the 
present prevented general distribution of the drug. 6 Although this scarcity has 
caused grave disquiet, it has had the advantage of providing time for the design 
and execution of certain controlled trials of the efficacj’- of the drug. In 1946, 
the British Medical Research Council was entrusted by the Ministiy of Health 
with all the streptomycin that was available. In January, 1947, a number of 
trials in tuberculosis were started under the direction of the Council’s Strepto- 
mycin in Tuberculosis Trials Committee, using 50 kg. of material imported from 
America. Two of the first studies will now be briefly discussed solety from the 
standpoint of technique of assessment. 

One of the investigations was concerned with pulmonary tuberculosis. It was 
decided to choose a narrow and fairly homogeneous category, viz., bilateral, 
acute progressive tuberculosis of recent development in young adults, with 
expected bad prognosis and lesions which were unsuitable for collapse therapy. 
A number of specialist units were formed to cooperate with the Medical Re- 
search Council’s central scientific staff who were to coordinate the work. The 
task of maintaining uniformity of the type of case under study was assigned to a 
central selection panel. The most important decision was that one-half of the 
cases selected were to be given streptomycin and one-half were to be studied in 
parallel as non-streptomycin-treated controls (though not in the same wards). 
Once a case had been selected for trial, the decision as to whether it was to be 
streptomycin-treated or to be a control was predetermined from a list of case 
numbers prepared by a statistician. A sealed envelope carrying the case number 
outside contained the decision, which was not known in advance even by the 
central staff. There was a common record sheet for the trial and a high degree 
of uniformity of procedures was obtained. The latter was helped by meetings 
of the clinicians and pathologists and by periodic visits of the central staff to 

6 A limited allocation of streptomycin for routine use has been made by the Ministry of 
Health to the Regional Hospital Boards since this talk was given. 



p. -d’-VRCY H- vTVr bc adopted 

232 CT cea *<* other “'ttotltbS®' ind ySS and 

tte toed unite- ^“disease so ctangd s ■ ^ all tte »sua ^ 

#3^S*22£sS52s 

S3c:^^s5sii£*i;-i 

™ S , ",1te montW °^”Sions sltov a “ n ^. t tealed '“fjdcteri- 
a total j e but preliminary 52 n0 n-strep J q{ improvem - ^py- 
ana \ysed bP ses a nd tt p) P crC f Jter the start ot c ^ c ' ia ted 

ZS&S-. 

o! , “ t vielded a cleat Uncommon one. J^ c , 0 subsequent toll J s , iwll l lie 

crophas^e . st tficd in tins P _ strC ptom:> ci Ucrnft tivc actn ltn cnl. 
be ethical > ] b certmntN • uns uitable i being usc( ^°, M f \rcn v>‘ith 

pos^c to « footed (70 ). 
Udctypc oi _ u p \yotstr P ?strcp tomv - u April, ding 

IS) niioithcsma rU . 3hc aTi> tnai ^ publ«» tcd case:-. a c 

TUC Ions meningitis, and ^ ^ q{ streptom^^ demonstrat^ating 

in tit study 

w -jtsi 

limits JUPP ' - dc whether lr ’ lC tmC * cases - x, ^ \ thcwP> 

SgsgSBaSgS*- 

(ctonPO?’"’"' . l'» 



PROBLEMS IX CHEMOTHERAPY OF TUBERCULOSIS 


233 


was failing). The results of this inquiry answered the question decisively: 
combined therapy is essential and intramuscular administration alone is in- 
adequate. Such an unequivocal answer could not have been achieved unless 
two series of cases had been studied in parallel under fairly uniform conditions. 
Evaluation of an accumulation of individual clinical experiences with a variety 
of types of tuberculous meningitis would have taken far longer and the con- 
clusions would have been less definite. Moreover, although the present drastic 
procedure involved the loss of several lives, it will have saved many more if it 
serves to prevent future uncontrolled experimentation on these lines. The 
technique of assessment here again has been of prime importance. 

Summarizing the position so far reached on techniques of evaluation, it may 
be stated that careful objective clinical assessment, based on previous experience 
with similar types of cases as a standard, should, with rigid safeguards, be 
adequate to demonstrate whether a new drug gives either benefit or no benefit, 
provided its action is more than slight. On the other hand, the inclusion of a 
matched control series, studied concurrently in order to permit comparisons 
having statistical validity, would seem imperative for a precise evaluation of a 
new drag’s possibilities, limitations, and the degree of permanence of its benefit. 
Likewise, such control cases are necessary in studies of the part played by the 
patient’s own resistance to the infection when under the drug treatment or after 
its discontinuation and to ascertain the best combinations of chemotherapy with 
the usual methods of local surgery, such as pneumothorax and thoracoplasty. 
It is hardly necessary to add that only for certain purposes need the control 
series in such investigations be untreated by the drug, as was the case in the 
British pulmonary trials described. In many instances, as with the meningitis 
series, the “controls” will receive the treatment but in a contrasting manner. 
It should be noted that some investigators might prefer to use another word for 
this application of the concept of a controlled study. Examples may be men- 
tioned of specific problems which are capable of solution by parallel comparisons 
more rapidly than would otherwise be the case. One of these is the question 
of the optimum regimen of administration of streptomycin in meningitis. For 
instance, were the results in a recent series described by Dubois of Brussels (101) 
better than the results obtained in the British trials because of the long periods 
of rest from streptomycin treatment of any kind? Another question is how far 
prophylactic intrathecal treatment may prevent the complication of meningitis 
in cases of acute miliary tuberculosis. 

A further point not yet generally appreciated is that the problem of the 
techniques for assessing new drugs in tuberculosis is in some ways more difficult 
now that we have in streptomycin an agent that is known to be decisive in certain 
conditions. For example, assuming an adequate supply of streptomycin , it is 
questionable whether it is ethically justifiable to withhold this drug and to sub- 
stitute an unproved one in the treatment of tuberculous meningitis. It is more 
justifiable to give streptomycin alone in one such series and streptomycin plus 
the new drug in another, although assessment may well be confused under such 
circumstances. On the other hand, in certain types of pulmonary tuberculosis, 
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OPERATIVE TECHNIQUE 

It- makes little difference whether there are one, two, or more trocar holes through the 
chest wall. The size of the trocar hole is unimportant, particularly when compared with 
an open incision into the pleural cavity. At the beginning of the operation the use of 
two cannulas permits the inspection of the pleural cavity from two different points of view. 
The adhesions may appear simple or impossible of release, depending upon the angle from 
which they are viewed. The two piece instrument eliminates the fixed position of the 
cutting instrument in the field of vision. Thus, a close-up view of the actual cutting can 
be obtained or in a moment the whole field of operation can be examined without inter- 
rupting the operation. After using both instruments, the two piece type is now employed 
exclusively. 

Galvanocautcry, or the elect rosurgical cutting current, can be used as the cutting 
method with cither the one or two piece pneumonolysis instrument. It is usually claimed 
that tissue destruction is greater with galvanocautcry and that the separation of areas of 
necrosis may lead to secondary hemorrhage or spontaneous pneumothorax. Actually, 
the area of tissue destruction with either galvanocautcry or electrosurgery depends upon 
the intensity of the heat in the former and the strength of the current in the latter. The 
extent of tissue destruction, therefore, depends more upon the individual operator than 
it does upon the method employed. Heat and smoke produced by galvanocautery 
properly employed are insignificant. The time consumed in completing an operation 
by either method depends upon the patient and the operator. Should brisk hemorrhage 
occur from a blood vessel that is less than one of the great vessels, it can be controlled 
more easily with the electro.su rgical method. If hemorrhage can be controlled with elec- 
trosurgery, however, it also can be controlled with galvanocautcry. In the event a great 
vessel is opened, neither method will control the hemorrhage. There is no electrical shock 
or muscle spasm from galvanocautcry, and undoubtedly there will be none with electro- 
surgery if the apparatus is handled correctly. Since the galvanocautery is the simpler 
apparatus, mechanical failure probably will occur less frequently than with the electro- 
surgical unit. (After using both types of cutting instruments the galvanocautery is 
now used exclusively.) When operating with the galvanocautery equipment, an electro- 
surgical electrode could be made available for use in case of bleeding. It seems quite 
likely that au electrosurgical electrode would always be on hand if bleeding actually were 
troublesome when using galvanocautcry. 

The heat of the cautery or the strength of the electrosurgical cutting current must be 
regulated according to many factors since in using either method the tissues may be cut 
so quickly that bleeding occurs or so slowly that excessive charring results. In general, 
fibrous tissue, fatty tissue, and edematous tissue require a hotter cautery or a stronger 
cutting current. When holding the cutting instrument constantly in contact with the 
tissue or when attempting to keep a greater area of cutting surface against the tissue to 
be cut, a hotter cautery or a stronger cutting current is required. Should bleeding occur, 
it can be controlled easily by the electrosurgical method; if cautery is being used, however, 
it is often controlled most readily by reducing the heat below that used in operating. The 
cold electrode is placed firmly against the bleeding point and then the current is turned on. 
The cautery point is held in place until the tissue is charred. As the heat is reduced, 
it will not cut deeper into the tissue. If it cut deeper into the tissue, it might cause addi- 
tional bleeding. The charred tissue will adhere to the cautery point. Therefore, when 
the point is to be removed, it must be done gently and oath the heat of the cautery point 
increased. Bleeding often can be controlled adequately by the injection of a generous 
amount of procaine with epinephrine solution at the site of bleeding. The author has 
never observed bleeding from the lung side of a released adhesion. 
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preventing adequate collapse of the lung. It is not within the scope of this 
paper to discuss the indications for artificial pneumothorax. It is important, 
however, for the surgeon who performs pneumonolyses to recognize certain con- 
traindications for artificial pneumothorax, which is another way of stating the 
contraindications for pneumonolysis. If is becoming generally realized that 
artificial pneumothorax should not be continued if after its initiation one of the 
following develops: large tension cavity (figure S a); an opaque lung (figure S b); 



Fig. S. Two entirely different types of pulmonary tuberculosis are illustrated. In both 
types of the disease closed intrapleural pneumonolysis as well as pneumothorax are contra- 
indicated. 

a. (Left) The roentgenogram reveals a large tension cavity. Under protest of the 
surgeon the patient was subjected to closed intrapleural pneumonolysis. The lung was 
freed completely. After bronchoscopic aspiration the cavity appeared to close. The lung 
became atelectatic, intrapleural fluid developed, which was followed by empyema, a bron- 
chopleural fistula and death. This sequence of events can be expected in patients with 
disease of this type. 

b. (Right) The atelectatic or solid lung, especially with the open cavity, can be expected 
to follow the clinical course outlined in a. Pneumonolysis was refused this patient. Pneu- 
monectomy was accomplished with a successful outcome. 

empyema; or the rapid formation of a pleural effusion with or without fever. If 
the patient is a candidate for artificial pneumothorax and adhesions are found 
between the lung and the parietal pleura, he should be offered the advantage of 
closed pneumonolysis. There are no innocent adhesions. A pneumothorax 
should not be abandoned because of adhesions until a thoracoscopy has been 
made to determine whether or not the adhesions can be released. Whether ad- 
hesions can be released or not cannot be determined by roentgenograms or 
fluoroscopy (figure 9). 

Progress has been slow in developing the routine of early thoracoscopy or 
pneumonolysis after the initiation of pneumothorax. In 1939 the usual time 
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interval from the introduction of pneumothorax to closed pneumonolysis was 
three to six months (1, 19). In patients who have an ineffective collapse of the 
diseased lung, it seems unwise to permit such a long delay in bringing the disease 
under control. The time interval has gradually been made shorter. The only 
requirement at present is that there be enough pneumothorax space in which to 
manipulate the instruments. Patients have been accepted for pneumonolysis 
within three days of the initiation of the pneumothorax. It was feared in the 
beginning that re-expansion or the loss of pneumothorax space would occur 
more frequently, but. it does not. It is evident that more patients can have their 
lung freed completely from the parietal and mediastinal pleura if the pneumono- 
lysis is done within two weeks of the initiation of pneumothorax. In that period, 
adhesions and endothoracic fascia do not have a chance to thicken or undergo 
fibrosis. When early pneumonolysis is accepted and practiced, a patient can 
have a pneumothorax induced, a closed or open type of pneumonolysis, and the 
diseased lung under control in two to three weeks. In addition to the great 
advantage to the operator, the time saved the patient would justify the adoption 
of early pneumonolysis. 


RESULTS 

The present series concerns 608 patients operated upon between October, 1938 
and December, 1946, or an eight jmar period. The follow-up period on these 
patients extends to December, 1947. The patients have been obtained from 
all the sanatoriums in Maryland, both privately owned and state and city con- 
trolled, as well as from doctors in the private practice of medicine in Maryland. 

The report is marred by the inability to make the study complete. It has 
been impossible to find the charts of 97 patients. Unfortunately, many of the 
lost charts overlap the 109 patients reported in 1941 (20). The charts are miss- 
ing for a few patients operated upon in 1938. The source of the patients and the 
place of operation have been highly diversified. The method of record keeping 
and changes in systems of filing have accounted for the high percentage of miss- 
ing charts. The analysis of operative data thus concerns 511 patients. Cer- 
tain facts now desired were not recorded in the notes of operation during the 
early years. Therefore, in 45 cases it is unknown whether the operation was 
thoracoscopy only or pneumonolysis, complete or incomplete. For the same 
reason the condition of the pleura at the time of operation is not known in all 
patients. 

It seems logical that the patients be divided into Negroes and whites and that 
the patients from sanatoriums privately owned and from doctors in private 
practice be separated from those patients from sanatoriums under state or city 
control. All the patients have been operated upon by the writer. All but 3 
were operated upon under local anesthesia. In tables 1, 2 and 3 the results are 
given as briefly as possible. In table 1 the years of follow-up are indicated since 
they extend to December, 1947. There were 301 females and 210 males. The 
youngest patient was five years of age and there were 137 patients twenty years 
of age or younger. The oldest patient was fifty-eight years of age and only 9 
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were fifty years old or older. The present status of 104 patients is unknown. 
One hundred thirty-six of the patients are dead (table 2). Of this group 131 
died of tuberculosis in some form and 5 died of causes not related to tuberculosis. 
There are living and sick 45 patients and 29 of these are ill because of disease in 
the contralateral lung. One hundred ninety-eight patients are living and well. 
In the living and well group 84 patients still have a pneumothorax and 114 do not 

TABLE 2 


Late complications and cause of death 
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Thoracoscopy . . . 
Unknown type . . 
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150 

85 

45 

2 

8 

4 

7 

5 

1 


1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

2 


n 

7 

7 

7 

1 

44 

43 

24 

20 

4 

1 

Total 

511 

14 

13 
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1 

1 

3 

2 

i 

3 

1 

16 

22 

131 
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TABLE 3 


Time from initiation of pneumothorax to closed pneumonolysis 


DAYS 

NUMBER OP 
PATIENTS 

' THORACOSCOPY 
ONLY 


INCOMPLETE | 
PNEUMONOLYS1S 

UNKNOWN 

0 to 5 

8 

2 

3 

3 

0 

6 to 10 

34 

1 

16 

17 

0 

11 to 20 

55 

6 

29 

20 

0 

21 to 40 

53 

8 

15 

17 

13 

41 to 60 

S2 

4 

33 

17 

28 

60 plus 

155 

34 

S2 

39 

0 

Unknown 

124 

30 

53 

37 

4 

Total 

511 

85 

231 

150 

45 


have a pneumothorax. Of the 114 all have had their disease arrested by pneumo- 
thorax, except 6 patients who underwent major surgery in order to arrest their 
disease. In this group the supplemental phrenic operations have not been 
tabulated. Approximately two-thirds of the pneumothoraces in the entire 
group, including those now well and sick were abandoned as an elective procedure. 
Two pneumonolyses were done on 61 patients and the second operation resulted 
in complete pneumonolysis in 21 of the patients. Three pneumonolyses were 
done on 8 patients and. complete pneumonolyses were accomplished at the third 
operation on 3 of the patients. The early complications were rather few. Hem- 
orrhage of mild degree occurred in 28 patients. It is estimated that in the most 
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Negro group of patients show an overall death rate of 6/ .5 per cent as compared 
to the 15.1 per cent (table 1) for white patients. However, the group of white 
patients under the care of private doctors and private sanatoriums had an overall 
death rate of 10.5 per cent compared to 22.2 per cent (table 1) for the state and 
city sanatoriums group. It is perhaps impossible to correlate these series- 
mortality figures with the observations of other investigators. It may be 
desirable, however, to present the mortality rate for pulmonary tuberculosis in 
the state of Maryland. The fate of all patients discharged from the state sana- 
toriums was followed for five years beginning in 1934 (21). After five years the 
mortality rate in the white patients was as follows: far advanced disease, 62 per 
cent; moderately advanced disease, 25 per cent; and minimal disease, 6 per cent. 
In the Negro group the mortality rate after five years was as follows: far advanced 
disease, 78 per cent; moderately advanced disease, 40 per cent; and minimal 
disease, 19 per cent. 

In the present series the recovery rate for the Negro is 24 per cent as compared 
to 69 per cent (table 1) for the white patient. When the two white patient 
groups are compared there is found recovery in 72.7 per cent of the private 
patients as compared to 63.6 per cent for the state and city patients. As would 
be expected, the follow-up on the private patient group is better than in the 
other group of white patients, that is, 84.2 per cent as compared to 60.8 per cent. 
The follow-up is exceptionally good on the Negro patients, 82 per cent (table 1). 
Many of the Negro patients are still ill or are dead and the number of fatalities 
can be ascertained through the Bureau of Vital Statistics. 

The question arises as to whether the difference between the death rate in white 
and Negro patients is attributable to the difference in the economic status of the 
tw'o groups. When the two groups of white patients are compared, it can be seen 
that the economic factor is important for here there is no important racial dif- 
ference to be considered. 

In the early years of the study the indications for pneumothorax were not under- 
stood as w r ell as at present. Undoubtedly, many patients were subjected to the 
closed type of pneumonolysis when they were not satisfactory candidates for the 
procedure. Thus, late complications were probably higher and the death rate 
from tuberculosis greater than would be the case under present standards and 
indications. Several of the patients developed bronchopleural fistulas because 
of large tension cavities and opaque lungs. At present pneumothorax would not 
be continued in such patients and they would probably be subjected to pul- 
monary resection rather than be accepted for the closed form of pneumonolysis. 

If pneumonolysis is considered a procedure to be judged by early complications 
and whether or not the operation is successfully accomplished, the record would 
indicate that it is a safe operation. The series-mortality rate is 2 patients of the 
608 who were subjected to 685 operations. The lung was completely freed of 
adhesions in 49.5 per cent of the patients and was incompletely freed in 32.1 per 
cent of the patients. Thoracoscopy followed by inspection only was performed 
in 18.2 per cent of the patients. The pneumothorax space was lost in 4 of the 
patients. A record of such low mortality and morbidity would indicate that 
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mrnt. It should he pointed out. that the force used to stretch an adhesion is 
made possible by the pneumothorax. However, the intrapleural pressure used 
is only a small factor in the st ret chins or most adhesions. The weight of the lung 
falling by gravity exerted upon the adhesion is the most important factor in the 
stretching of the adhesion. If the position of the adhesions were known, the 
patient undoubtedly could he urged to assume the position that will allow the 
weight of the lung to fall upon the adhesion. This maneuver has been used in 
the patients who have had incomplete pneumonolvscs and occasionally it has 
proved successful as the lung could be freed completely at subsequent operations. 
It would appear that this factor could be used in patients who have not yet been 
subjected to operation. The posteriorly placed adhesions are the ones which 
most frequently defy release by operat ion. It is true that most tuberculous dis- 
ease is posterior in the lung but it is likewise true that most patients, whether 
they have pneumothorax or not assume the supine position more often than any 
other position and particularly more frequently than the prone position. 

Hemorrhage of varying degrees occurs in every patient subjected to the closed 
type of pneumonolysis. Some blood must escape from the trocar site into the 
pleural cavity. Whenever it was necessary to cauterize a blood vessel to stop 
oozing or brisk bleeding, the case was tabulated under hemorrhage and 28 cases 
occurred in the series. In no instance did a hemorrhage of more than an es- 
timated 100 cc. occur, nor was a transfusion of blood or plasma ever necessary. 

Obliterative pleuritis is thought to develop frequently after free blood has 
been found in the pleural cavity (23). In the series of 28 patients tabulated as 
having had hemorrhage at the time of operation, not one developed obliterative 
pleuritis. In the entire series, obliterative pleuritis occurred in only 3 patients 
and all the patients operated upon had some blood escape into the pleural cavity. 

SUMMARY 

1. The open type of pneumonolysis may be indicated when the closed method 
fails to accomplish a satisfactory collapse of the lung. The open form is a good 
method of treatment in selected patients. 

2. The individual operator is more important than the choice of a one or two 
piece pneumonolysis instrument or the selection of galvanocautery or electro- 
surgery as the cutting method. 

3. When possible, adhesions should be released and not divided. 

4. The indication for closed pneumonolysis is the presence of intrapleural 
adhesions in a patient who is a candidate for artificial pneumonothorax. 

5. Closed pneumonolysis usually is accomplished advantageously in a few 
days after initiation of the artificial pneumothorax. 

6. The closed type of intrapleural pneumonolysis is a safe operation, but its 
value should not be dissociated from the end results of pneumothorax treatment. 
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THE DIAGNOSTIC PROBLEM OF PRIMARY PLEURAL EFFUSIONS 1 

JOSEPH R. KRAFT 


INTRODUCTION 

The accepted practice at present is to consider all primary pleural effusions as 
tuberculous or “probably tuberculous” until proved otherwise. It is well recog- 
nized that substantial differences in regard to prognosis and treatment exist be- 
tween tuberculous pleural effusions and the benign effusions of other etiology. 
Unfortunately, there are available no generally applicable diagnostic methods for 
the ready identification of the various forms of primary pleurisy. In the ab- 
sence of diagnostic tests, it was believed that it might be worth while to review 
a large series of cases of primary pleural effusion with particular attention to the 
diagnostic problems involved. Such a review constitutes the basis for the pres- 
ent report. 


OBSERVATIONS 

Composition of Series 

One hundred patients with serous pleural effusion observed on the tuberculosis 
service of Fitzsimons General Hospital, Denver, Colorado, have been reviewed. 
The patients were admitted to this hospital within a period from May, 1947 
through January, 1948. No pleural effusion which appeared in association with, 
or subsequent to, known pulmonary disease or a surgical procedure was included 
in this series. Therefore, the cases reviewed may be considered “primary.” 
Only those cases in which observations were made for a minimum of six months 
in the hospital are included. 


Classification 

The cases were grouped according to reoentgenographic evidence of parenchy- 
mal disease and the results of studies of sputum and pleural fluid after a minimum 
of six months or more of hospitalization. Group I consisted of 55 cases without 
evidence of pulmonary lesions or abnormal laboratory findings. Group II con- 
sisted of 24 cases without evidence of pulmonary disease but with bacteriologic 
evidence of tuberculosis. Group III consisted of 21 cases in which evidence of 
pulmonary disease (with or without positive bacteriologic tests) was detected 
after the appearance of the effusion. 

The series is necessarily a select group as it consists only of American males 
(97 soldiers and 3 veterans). Sixty-two per cent were in the age group 18 to 21 
years and 90 per cent were in the 18 to 30 year old group. The youngest patient 
was 17 and the eldest, 39 3 r ears of age. The series of 100 cases included Negroes 
and 7 Japanese-Americans (table 1). The great majority of the cases (97 per 
cent) were transferred from other Army hospitals. Seventy-one per cent of the 
patients developed their illness while on foreign duty (table 2). 

1 From the Medical Service, Fitzsimons General Hospital, Denver, Colorado. 
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and the effusion, always occurred on the same side of the chest. The associated 
fever would usually vary from 99 to 103° F. Only one patient had a fever as 
high as 105° F. He was considered to have an atypical pneumonia with effusion 
until the presence of tubercle bacilli in the pleural fluid was demonstrated. In 
the entire series the average duration of fever was eighteen to twenty-one days. 
A duration of four to six weeks was not uncommon. The fever usually ter- 
minated by lysis and did not appear to have been affected by chemotherapy. 
Seventy-two patients received penicillin, 25 were given sulfonamide alone or in 
conjunction with penicillin, and. 3 were treated with streptomycin. 

It was noted that in 15 patients with a fever of 103° F. or higher a gradual drop 
to a low grade fever followed aspiration of the pleural fluid. Conversely, the low 
grade fevers seemed relatively unaffected by aspiration of the fluid. 

Eighty-two of the 100 patients lost weight during their illness. The amount 
of loss varied from 5 to 20 pounds. The loss of weight occurred principally dur- 
ing the acute or febrile phase of the illness. This weight was usually regained 
quite readily following termination of the acute phase. 


TABLE 3 
Subjective symptoms 


TOTAL 


I 

GROUPS 

n 

III 

94 

Chest pain 

53 

22 

19 

83 

Malaise and fever 

48 

20 

20 

25 

Cough and sputum 

14 

6 

5 

12 

Dyspnea 

6 

4 

2 

82 

Weight loss 

40 

22 

20 


It was particularly interesting to note the relatively insidious onset of symp- 
toms in primary pleural effusions. A careful history of subjective symptoms, 
with particular emphasis on onset of chest pain, revealed that 73 per cent ex- 
perienced the onset of symptoms one or more weeks prior to hospitalization. 
The initial onset was usually one of intermittent, transitory chest pain, occasion- 
ally “sharp”, but usually dull. Increased chest pain plus fever and malaise would 
usually force the patient to seek medical aid. The duration of symptoms before 
seeking medical care was two to seven days in 27 per cent of the group; eight to 
fourteen days in 30 per cent; fifteen to twenty-one days in 20 per cent; and 
twenty-two to twenty-eight days in 15 per cent (table 4). Four patients had 
had symptoms for three months prior to hospitalization and one patient had been 
ill for five months. It was also noted that in 10 patients the pleural effusions 
were discovered by routine chest roentgenograms. In three of these no history 
of any symptoms could be elicited. 

Of the 100 cases reviewed, in only 10 were the initial subjective symptoms of 
chest pain sufficiently severe to warrant seeking prompt medical aid. Roent- 
genographic examinations at the time of onset of the pain were negative. Sub- 
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acute febrile phase of the illness had subsided. In many cases the elevation 
persisted the entire period of observation (six to eight months) prior to transfer 
of the patient to a Veterans Hospital. It was noted that the course of the sedi- 
mentation rate seemed directly related to the regression of the pleural fluid or 
fibrinous pleurisy. All patients with a minimal fibrinous pleurisy which was 
stable roentgenographically for two or more months within six months of onset 
had sedimentation rates within normal limits. This was also true of 5 patients 
who subsequently developed parenchymal lesions (table 6, cases 7, 9, 16, 17, 18). 

Sixty -two per cent of the patients had total leucocyte counts which were 
within normal limits (2). In everj r instance the differential counts were within 
the normal range, including the determinations in the 28 patients with a mild 


TABLE 5 

Laboratory examinations of pleural fluid and sputum 



I 

GKOUPS 

n 

in 

‘Specific gravity above 1.015 

41 

20 

14 

•Specific gravity below 1.015 

2 

1 

2 

Lvmphocvtes predominate 

42 

19 

14 

Polvmorphs predominate 

1 

2 

2 

Positive guinea pig inoculation for jlf. tuberculosis 

0 

15 

3 

Positive culture AT. tuberculosis 

0 

2 

0 

•No aspiration 

7 

1 

2 

•Results unknown 

5 

2 

3 

Sputum positive for M. tuberculosis 

0 

8 

8 


55 

24 

21 


* Total— 100 


leucocytosis (up to 12,500 per cm 2 ). The erythrocyte and hemoglobin deter- 
minations were all within normal limits. 

Occurrence of Parenchymal Disease 

In this series of 100 cases, 21 subsequently developed roentgenographically 
demonstrable parenchymal disease following the onset of the pleural effusion 
(table 6). It should be emphasized that no instance of effusion concomitant 
with known parenchymal disease or primary complex was included in the series. 
In all but 3 cases roentgenograms obtained two to twenty-four months before 
the onset of effusion were available. In the 3 without previous films, it was 
possible to observe the parenchymal lesions roentgenographically following the 
onset of effusion. 

All of the parenchymal lesions were minimal in extent except tw r o (cases 6 and 
7) which were moderately advanced. The apical lesions w r ere typical of reinfec- 
tion pulmonary tuberculosis. Ten lesions were suggestive of a primary par- 
enchymal focus. In only 2 of these cases (7 and 19) was an associated hilar 
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a convalescent furlough (forty-five days) a minimal apical lesion was discovered. Tubercle 
bacilli were present in the sputum. The lesion progressed to cavitation. 

Three patients had bilateral effusions with initial onset on the right and sub- 
sequent contralateral effusion at two and one-half, three, and four months, 
respectively. One of the patients (case 21) developed bilateral, minimal apical 
lesioris three months after the onset of the pleurisy, a peritoneal effusion six 
months later, and tuberculous meningitis confirmed by culture eight months after 
the onset of the pleural effusion. This was the only case comparable to those 
reported by Fernandes (2) who believes that bilateral pleural effusion is fre- 
quently a manifestation of miliary tuberculosis. 

The results of the bacteriologic examinations of the sputum are presented in 
table 6. It is granted that the finding of a parenchymal lesion did prompt re- 
peated and intensified studies of the sputum. Bronchoscopy of all patients whose 
sputum contained M. tuberculosis revealed no endobronchial disease. All of the 
parenchymal lesions were initially noted upon the same side as the effusion, in- 
cluding 3 of the instances of bilateral effusions. In the remaining instance (case 
21) with bilateral lesions, it was impossible to determine which lesion developed 
first, for both were noted upon the same roentgenographic examination. 

Pathogenesis 

Israel and Long (3) have reported that primary tuberculous infection in adults> 
as evidenced by a change in tuberculin sensitivity from negative to positive, may 
be followed after a short interval by an attack of pleurisy. 

Erwin (4) in 1944 postulated reasons why an intrathoracic primary complex 
might be expected to produce direct infection of a highly allergic pleura with 
tubercle bacilli penetrating either from a subpleural parenchymal focus, or from 
a caseous tracheobronchial lymph node. 

Thompson (5) accepts this theory and refutes the theory of post-primary dis- 
semination by the blood stream on the basis of his observations on 190 cases. 

The Erwin theory, especially as elaborated by Thompson, may quite well 
be the explanation of pathogenesis of many of the cases in the present series. 
As previously noted, all of the patients had positive tuberculin skin tests. A 
good deal of information favoring or refuting Erwin’s theory could have been 
obtained from the present series had the history of tuberculin conversion been 
known. 

Prognosis 

It is granted that the time period of observation of the cases reviewed is short 
and that much must be speculated in regard to the eventual course of the cases. 
It should be noted that a long term survey of primary pleural effusion cases 
(including cases reviewed) is currently being evaluated by Dr. Win. H. Roper, 
Director of Minimal Tuberculosis Research, Fitzsimons General Hospital (6). 
However, it is significant to note that 21 per cent of the present series developed 
pulmonary tuberculosis within one year (average 6.2 months) after the onset of 
pleural effusion. In regard to prognosis, this percentage may be compared with 
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Thompson’s (7) findings where 12 per cent of 190 patients with pleural effusion 
developed a parenchymal lesion within the first year and a total of 26 per cent 
within five years. 

Bonilla’s (8) report may also be applied with some concern to the cases re- 
viewed, for in his group of 40 patients with pleural effusions without an}' pulmo- 
nary infiltration, the parenchymal lesions developed in the whites in an average 
of 38 months, and in the Negros 21.3 months after the pleurisy. 

Jones and Dooley (9) demonstrated that pleural effusion may be a manifesta- 
tion of extrapulmonary tuberculosis, especially in the Negro. They also em- 
phasized the necessity for a guarded prognosis in Negro patients with effusion, 
for in their series of 99 cases followed for more than one year 15 per cent even- 
tually died of tuberculosis which was principally of an extrapulmonary form. In 
the total cases reviewed in the present report, only one presented evidence of 
extrapulmonary* tuberculosis during the short time of observation. It was an 
instance of renal tuberculosis in a Negro of group I. 

COMMENT 

Although it is generally accepted that a primary pleural effusion is frequently 
a manifestation of tuberculosis, the insidious onset, chest pain, fever and malaise 
do at times present problems of differential diagnosis. 

In this series of 100 cases, 24 were originally considered to have nontuberculous 
diseases, including pneumonia with effusion, bronchitis, and malaria. The 
diagnosis of atypical pneumonia with effusion was most common. This error 
occurred especially when the patient presented himself after a relatively short 
duration of symptoms and only a minimal effusion was demonstrable roenl- 
genographically at the onset of the illness. Particular reference is made to the 
cases of atypical pneumonia with effusion as cited by Turner (10). Several of 
his examples were comparable with almost any one of the 27 patients of the 
present series who had had symptoms for less than one week. Of the 24 cases 
that were originally considered to have diseases other than tuberculosis of the 
pleura, 13 were in group I, 7 in group II, and 4 in group III. 

Examination of the fluid may give much information in regard to etiology and 
at times may establish the diagnosis (11 to 17). The importance of a positive 
finding of tubercle bacilli on culture or guinea pig inoculation of the pleural fluid 
is evident. Nevertheless, the relatively low incidence of successful isolations of 
tubercle bacilli from the pleural fluids of the present series (35 per cent) and in 
other reports (5, IS, 19) serves to emphasize that the diagnosis for the most part 
depends upon careful differential diagnosis and clinical experience. 

Since many of the effusions were" tested at other hospitals, the techniques em- 
ployed are unknown. At the laboratories of Fitzsimons General Hospital, ac- 
cording to Fisher (20), the centrifuging of large amounts of pleural fluid followed 
by guinea pig inoculation of the resulting sediment produces the most favorable 
results. Granting that with a uniformly optimal technique, the results might 
have been somewhat better, tbe problem is not appreciably lessened. 

The necessity, because of the lack of absolute certainly, to designate tlio-e in- 
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fections in which the etiology has not been demonstrable, e.g. group I, as “prob- 
ably tuberculous” occurs. The possibility that these cases may represent other 
diseases, e.g., atypical pneumonia or rickettsial infections, cannot be completely 
excluded. 

As noted in the cases reviewed, it is impossible to foretell which infections may 
progress to the development of parenchymal or other lesions. Hence, in the 
light of current knowledge, treatment must be initiated empirically. 

The treatment of primary pleural effusion had dual objectives. The maximum 
removal of fluid in an effort to limit the chronic fibrinous and eventually fibrous 
pleurisy to a minimum may be cited as one objective. The other is bed-rest 
for the underlying tuberculous lesion, whether it be visible or invisible on roent- 
genographic examination. This bed-rest may be considered as prophylaxis 
rather than therapy. It is recalled that, in the majority of the 21 cases with 
lesions, the latter appeared while the patients were on bed-rest. Three cases 
were also cited that demonstrated the dangers of too early activity. Bonilla (8) 
noted in his series that the patients whose lesions became known during rest had 
a much more favorable prognosis than those whose lesions were detected during 
periods of physical activity. 

It is believed that at least one year of good sanatorium care with complete 
bed-rest is the minimum amount of treatment which is advisable for a patient 
with primary pleural effusion. Periodic roentgenographic examination during 
the subsequent four years is of equal importance as recommended by Thompson 
(7). As noted above, a normal erythrocyte sedimentation rate within the first 
six months of rest does not necessarily preclude the subsequent development of a 
parenchymal lesion. Moreover, a normal value for the sedimentation rate is 
not a trustworthy guide by which to determine the proper duration of treatment. 

The responsibility upon the physician, especially in civilian life, to regard an 
effusion as “probably tuberculous” and to initiate recognized treatment is tre- 
mendous. It entails study of possibilities versus probabilities in which often, 
if not invariably, the patient will make the final decision as indicated by the 
response and cooperation with treatment. 

The degree of cooperation is usually directly proportional to the degree of cer- 
tainty of diagnosis of the physician. The patient, when there is question or 
choice of diagnosis, will invariably apply the diagnosis of lesser consequence to his 
case. 

It is relatively easy to practice didactic medicine in the Armed Forces. Among 
civilians, however, a period of long continued bed-rest creates a terrific eco- 
nomic problem. The financial catastrophe related to prolonged hospitalization 
frequently immediately overshadows the subsequent possibilities and probabili- 
ties of a course of disease to the patient. The physician must, with supreme 
effort, divorce himself from this influential factor in making the diagnosis and 
prescribing the necessary treatment. 

There is still much to be learned about primary pleural effusions. A means 
of definitely establishing etiology and thereby removing the doubt from both the 
physician and the patient is urgently needed. 
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and deep breathing. The breathing resistance was further reduced by employing large 
tubing with an inside diameter of 2.9 cm. in conjunction with the high velocity directional 
valve used to prevent excessive accumulation of C0». Multiple measurements were ob- 
tained in every case, each being a twelve second run, with varying rates and depths of 
breathing. The values reported were the highest obtained. Measurements made on 
trained subjects with the above apparatus, which was designed to reduce resistance to a 
minimum for the MBC determinations, check closely with values obtained when employing 
the 100 L. Douglas bag and the high velocity directional valve. Two writing pens are used 
on the electrically driven (two speed) kymograph, one to record amplitude and rate of 
breathing and the other to add the total volume. The regression formula used for calculat- 
ing the predicted values was: MBC L/min. = 86.5 — (0.522 X age in years) X B.S.A. (sq. 
m.) (6) . All ventilatory volumes are measured as saturated gas at 37°C. and the prevailing 
barometric pressure. 

Roentgenograms of the chest were taken at full inspiration and at full expiration in 
postero-anterior view. Routine fluoroscopy was done on all the patients. 

All residual air measurements were made with the patients in a fasting and resting state 
lying supine and as flat as was comfortable for the individual. No medication was given to 
the patients. All MBC determinations were made in the standing position. 

MATERIAL FOR STUDY 

All of the patients were male anthracite coal miners with a long history of 
exposure to dust in mines. These miners were sent to the Barton Memorial 
Division of Jefferson Hospital for a study sponsored by the Anthracite Health 
and Welfare Research Fund of Jefferson Medical College. Patients were ad- 
mitted to the Barton Memorial Hospital in order of the date of application for 
study, hence there was no selection by the laboratory staff except that subjects 
with proved pulmonary tuberculosis were omitted. However in 5 cases active 
tuberculosis was diagnosed after study (table 1). All but one of the patients 
complained of dyspnea. Chest pain, cough and expectoration, weakness, loss 
of weight and hemoptysis were the other most common complaints. In some 
patients dyspnea was present only during the course of minor respiratory in- 
fections, while in others there was a history of cyclic recurrence of the symptoms. 
All degrees of dyspnea were observed from the most profound, even during bed- 
rest, to slight exertional dyspnea after exercise. There was no evidence of 
cardiac decompensation in this group at the time of study. However, two 
patients were known to have cardiac disease with electrocardiographic evidence 
of myocardial damage (table 1). 


RESULTS 

A quantitative indication of the degree of emphysema was obtained by ex- 
pressing the residual air as per cent of the total lung volume (residual air -f- vital 
capacity). This is a physiological comparison of the relationship of the volume 
of residual air on the mixing and dilution factor with respect to the vital capacity 
and total lung volume. It is a more accurate measurement of pulmonary func- 
tion impairment than the changes in residual air from the predicted, in which the 
wide variations in vital capacity are not correlated. Furthermore the total lung 
volume varied less from the predicted than either residual air or vital capacity 
measurements for the entire group (table I). Accordingly the degree of emphy- 
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TABLE 1 — Continued 



II. Slight degree of emphysema — Continued 


■■ 

Yrs. 

m. 

stj.n. 

Years 


CC, 

Ptr 

cent 

cc . 

per 

cent 

£7 

min- 

ute 

per 

cent 

L.J 

min- 

ute 

per 

cent 

per cent 

1 

55 

ICG 

1 

25 

3 

1,615 

33.4 

3,225 

13.2 

S5 

24.6 

9.4 

89.5 

- 1.8 

1 

54 

168 

X 

33 

3 


34.4 

3,230 

20. S 

43 

57.4 

7.2 

83.8 

- 9.5 


45 

181 

1.84 

30 

3 

1,578 

34.8 

an 

35.0 

70 

40.0 

10.3 

85.4 

-25.0 


60 

173 

1.74 

40 

3 


34.9 

M 

50.2 

81 

16.0 

9.0 

89.0 

-42.8 

Av 

n 


IQ 

EB 

■ 

1,420 

30. S 

3,270 

19.1 

66 

36.3 



-11.5 


III. Moderate degree of emphysema 


S.M 

58 

178 

1.871 

32 

3 

1,267 

35.3 

2,340 

47.5 

81 

22.8 

10.4 

86.7 

-38.6 

J.L. 

64 

175 

ilBffl 

35 

3 

1,405 

35.8 

3,520 

44.5 

50 

47.9 

7.7 

84.7 

-34.0 

P.C. 

56 

167 

1.71 

35 

2 

'ffra 

36.2 


21.6 

81 

17.2 

8.5 

88.8 

- 9.7 

F.M. 

53 

170 

1.73 

38 

2 

5GS 

36.3 

3,420 

15.6 

66 

35.7 

9.5 

85.6 

+ 1.0 

T.M. 

52 

172 

1.71 

27 

3 

1,275 

36.7 

2,210 

46.3 

29 

72.4 

8.0 

72.6 

-36.0 

J.B.t 

53 

173 

1.93 

43 

2 


36.8 

etUggq 

12.6 

84 

26.3 

10.7 

73.3 

+ 4.2 

J.S. 

45 

162 

1.58 

24 

3 


37.3 

1,850 

4S.4 

24 

76.0 

7.9 

67.0 

-37.8 

V.B. 

43 

ISO 

1.74 

25 

3 

1,2S2 

37.5 

2,140 

53.0 

43 

61.8 

7.9 

81.4 

-43.0 

J.K. 

55 

161 

1.69 

28 

3 

1,278 

37.6 

2,120 

40.0 

27 

73.5 

6.9 

87.3 

-40.7 

A. G. 

59 

179 

1.88 

42 

3 

2,267 

37.8 


16.7 

56 

46.5 

7.3 

87.2 

+ 1.1 

A.N. 

72 

159 

1.69 

28 

3 

1,824 

38.6 

2,910 

19.7 

54 

35.2 

9.7 

82.0 

- 1.0 

D.R. 

54 

175 

1.80 

35 

3 

1,634 

3S.6 

2,600 

39.4 

32 

69.6 

10.8 

63.2 

-25.2 

A.S. 

45 

176 

1.78 

22 

3 

[Ipl 

38.6 

2,870 

33.2 

45 

59.5 

10.3 

77.8 

-18.6 

M.K. 

60 

166 

1.48 

27 

3 

miliB 

38.8 

1,675 

57.0 

28 

65.9 

8.5 

69.6 

-47.2 

T.P. 

58 

177 

1.89 

33 

3 

1,673 

38.8 

2,640 

39.2 

41 

61.6 

10.7 

74.0 

-25.6 

A.H. 

59 

166 

1.74 

42 

2 

IMS 

39.0 

2,670 

29.7 

39 

60.5 

7.8 

80.0 
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sema was classified in five groups based on the residual air per cent of total lung 
volume as described below. The volume of residual air normally constitutes 
25 per cent or less of the total lung volume. When such values are obtained 
the lungs as a whole are physiologically not emphysematous, although there may 
be small scattered or localized areas of bullae or blebs which are insignificant 
in their contribution to the pulmonary functional impairment by increasing the 
mixing and dilution factor. When the residual air occupies 25 to 35 per cent 
of the total lung volume a slight degree of emphysema is present, which again is 
not generally of sufficient magnitude to produce symptoms from the emphysema 
factor per se, that is, the mixing and dilution factor imposed by the increased 
volume of residual air. An occasional exception is represented by the patient 
with a marked decrease in vital capacity. If, however, the residual air is 35 to 
45 per cent of the total lung volume, emphj'sema of a moderate degree exists. 
If the residual air is proportionately greater (45 to 55 per cent), the emphysema 
is advanced, and is far advanced when the residual air represents more than 55 
per cent of total lung volume. In general, for the emphysema alone to alter 
pulmonary function significant^, the residual air must occupy 35 per cent or 
more of the total lung volume. 

The data of the 100 cases are presented in table 1, and are arranged in five 
groups with respect to the severity of the emphysema. In each group the indi- 
vidual cases are listed in order according to the increasing percentage of total 
lung volume occupied by the residual air. The average values for each group 
are given in table 2, which is a summary of table 1. 

The duration of exposure to dust inside the mines, as reported by the patient, 
ranged from 20 to 45 years, with the exception of four cases. There was no 
relationship between the length of exposure and the degree of pulmonary em- 
physema present (tables 1 and 2). 

In the group of cases with a history of 20 to 25 years exposure (table 1), there 
were 25 patients. In 9 the degree of emphysema was advanced or far advanced, 
in 6 it was moderate and in 10, or 40 per cent, the emphysema was insignificant. 
The findings were similar in the group with a history of 35 to 40 years of inside 
exposure. Six of these 23 patients had an advanced or far advanced degree of 
emphysema, 6 had a moderate degree and 11, or 47.8 per cent, had insignificant 
emphysema. In this series one case with a history of 14 years of exposure had a 
far advanced degree of emphysema, but another case with 47 years of exposure 
had only a slight degree of emphysema. Two other patients with histories of 
exposure inside the mines of 55 and 56 years, respectively, had emphysema of a 
far advanced degree. 

Figure 1 shows the relationship of age and residual air, expressed as per cent 
of total lung volume. It will be noted that 14 per cent of the cases had no em- 
physema and 23 per cent had only a slight degree of emphysema, making a total 
of 37 per cent without a significant degree of emphysema. However, 63 per cent 
of the cases did have a significant degree of emphysema distributed as follows: 
30 moderate; 18 advanced; and 15 far advanced. Figure 1 reveals that the 
ages are, for the most part, between 40 and 65 years, and that all degrees of 
emphysema occur in all age groups. For example, of 37 in the 40 to 50 year age 
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group, a significant degree of emphysema was present in 59.4 per cent of the 
cases and an advanced degree in 32.4 per cent. In the 50 to 60 year age group, 
(38 cases) 63.2 per cent had a significant degree of emphysema and 2S.9 per cent 
an advanced degree. In the group 60 years of age and above, (24 cases) 60.7 
per cent had a significant degree of emphysema and 37.5 per cent an advanced 
degree. 
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tic. 1. Pulmonary emphysema in 100 cases of nnthracosilicosis. Relationship between 
arc in years and degree of pulmonary emphysema (as indicated bv expressing the residual 
air as per cent of total lung volume on the ordinate) in 100 cases of nnthrneosilicosis. Each 
dot represents one patient. Note the occurrence of all degrees of emphysema in all age 
groups M0 to Go years). In 14 per cent of the cases there was no emphysema and in 2.1 per 
rent only a slight degree of emphysema. 

One patient, (ES table I), 3S years of ngc with a M year history of exposure 
inside the mines had a far advanced degree of emphysema. It should bo noted 
that 70 per cent of the patients studied were under 60 years of age and 31.0 per 
cent of these had an advanced and disabling degree of pulmonary emphysema. 

Alveolar nitrogen: The alveolar nitrogen per cent after seven minutes of 99.6 
per cent oxygen breathing was averaged by groups ms shown below: 
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The average alveolar nitrogen per cent in the five groups shows a progressive in- 
crease as the degree of emphysema increases; however, the individual variations 
in each group are large. 

Relationship hchocen vital capacity and residual air: The relationship between 
vital capacitj' and the residual air expressed as per cent of total lung volume may 
be seen in figures 2 and 3. In general the decrease in vital capacity for the greater 
number of cases varied from 30 to G5 per cent below the predicted value. There 



VITAL CAPACITY M CUBC CENTIMETERS 

Fig. 2. Relationship between vital capacity and the degree of emphysema^ 

was poor correlation between vital capacity and the pulmonary emphysema pres- 
ent, the individual variations between cases with similar degrees of emphysema 
being great (figure 2). A ratal capacity of 2,500 cc. may occur in the presence 
of no emphysema or in far advanced emphysema (figure 2). The average values 
for the groups classified by the degree of emphysema present (table 2 and figure 
4), reveal a progressive decrease in the vital capacity as the residual air per cent 
of total lung volume increases. 

The vital capacity (VC) data, given in table 1 and figure 3 may be further 
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Fig. 3. Relationship between the per cent decrease in vital capacity from the predicted 
values and the degree of emphysema. 
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grouped for analytical study based on the decrease from the predicted values as 
follows: 

(1) Degree of emphysema not significant, 37 cases. 

19 cases (51.4 per cent) Decrease in VC 10 per cent or less 

10 cases (27.0 per cent) Decrease in VC 10 to 30 per cent 

S cases (21.6 per cent) Decrease in VC 30 to 50 per cent 

(2) Degree of emphysema significant, 63 cases. 

10 cases (15.9 per cent) .' . .Decrease in VC 10 to 30 per cent 

32 cases (50.S per cent) Decrease in VC 30 to 50 per cent 

11 cases (17.4 per cent) Decrease in VC 50 to 60 per cent 

10 cases (15.9 per cent) Decrease in VC 60 to 70 per cent 

(3) In the group of 33 patients with an advanced and disabling degree of emphysema, 
16 (4S.5 per cent) had a vital capacity which was decreased less than 50 per cent 
from the predicted value. 
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Fig. 4. Total lung volume and maximal breathing capacity in relation to the degree of 
pulmonary emphysema. 


Maximal breathing capacity: The maximal breathing capacity (MBC) was 
measured at the same time as the vital capacity. The relationship between MBC 
and the degree of pulmonary emphysema is presented in figures 5 and 6. There 
is a better correlation between the degree of pulmonary emphysema present and 
the reduction in MBC observed than was found to exist between vital capacity 
and emphysema. In 56 cases the MBC was reduced 50 to 80 per cent from the 
predicted value and in 25 cases the decrease was 70 per cent or more from the 
predicted value (figure 6) . The decrease in MBC from the predicted value, as 
shown in figure 6 and table 1, may be similarly grouped for analysis as was the 
vital capacity: 

(1) Degree of emphysema not significant, 37 cases. 

5 cases (13.5 per cent) Decrease in MBC 10 per cent or less 

11 cases (29.8 per cent) Decrease in MBC 10 to 30 per cent 
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12 cases (32.4 per cent) Decrease in MI3C 30 to 50 per cent 

S cases (21.G per cent) ... .Decrease in MBC 50 to GO per cent 

1 case (2.7 per cent) Decrease in MBC 60 to 70 per cent 

(2) Degree of emphysema significant, G3 cases, 

5 cases (7.9 per cent) Decrease in MBC 10 to 30 per cent 

5 cases (7.9 per cent) Decrease in MBC 30 to 50 per cent 

9 cases (14.3 per cent) Decrease in MBC 50 to 60 per cent 

19 cases (30.3 per cent) .Decrease in MBC GO to 70 per cent 

20 cases (31.7 per cent) Decrease in MBC 70 to SO per cent 

5 cases (7.9 per cent) Decrease in MBC SO to 90 per cent 

(3) In the group of 33 patients with an advanced and disabling degree of pulmonary 
emphysema, all except one had 50 per cent or greater decrease in MBC. 

In general, MBC shows a much better correlation with the disability produced 
by the pulmonary emphysema than is shown by the vital capacity. Although in 
some instances the variations in individual eases with the same degree of em- 
physema are large, they are not as great as arc seen in the vital capacity measure- 
ments (figures 2 and 5). The average for the five groups (table 2, figure 6), 
shows a smooth progressive decrease in MBC as the residual air increases and the 
vital capacity decreases. If the MBC is decreased CO per cent or more from the 
predicted value or if the actual measurcment'for men is 40 L. per minute, or less, 
the degree of emphysema present is usually significant (figures 5 and G). 

Hyperventilation: Hyperventilation was present in all groups (tables 1 and 
2). A few patients in each group exhibited marked hyperventilation, in some 
instances resulting from apprehension and in others as a compensatory response 
to the emphysema. Although the resting minute ventilation has limited prog- 
nostic value as a single measurement, it is useful in determining the breathing 
reserve. The breathing reserve expressed as per cent of MBC was 89.6, S5.0, 
79.6, 73.S and 67.5 respectively for the five groups (tables 1 and 2). The breath- 
ing reserve when expressed in this manner shows a fair correlation with the de- 
gree of emphysema present (figure 7). If the breathing reserve was 70 per cent 
or less of the MBC, the degree of emphysema was significant but was insignificant 
if the breathing reserve was 90 per cent or more of the MBC. 

The total lung volume was decreased in 81 out of 100 cases. The most marked 
decrease, an average of 20 per cent, was in the third group with a moderate de- 
gree of emphysema (figure 4 and table 2). In this group a proportionally 
greater decrease in vital capacity and smaller increase in residual air were present 
as compared to the other groups. Patients with an advanced degree of pul- 
monary emphysema apparently have developed more compensator}’ - emphysema 
with a resulting smaller decrease in total lung volume. Why some patients 
develop so much more compensatory emphysema than others is not known. The 
extent of the emphysema in this group at least was not apparently related to age, 
height, weight, or length of exposure in mines. 

Roentgenographic findings: The chest roentgenograms were classified according 
to the descriptions of Pancoast and Pendergrass (7) (table 1). In this classifica- 
tion the first stage is characterized by increase in the size and density of the hilar 
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that individual susceptibility to exposure of coal mine dust varies and unknown 
intrinsic factors may exert an influence on the degree of pulmonary disability 
that follows. Bamberger (9) has reported that, in a group of miners working 
under the same conditions at the same time, one may develop linear exaggeration 
of a mild degree, whereas another will develop far advanced nodular silicosis. 
The condition of the ciliated epithelium (10) maj' be responsible for the lack of 
a normal degree of protection against dust invasion. Decreased motility of the 
cilia in certain persons impairs the removal of inhaled particles. The exposure 
time as given by the patient has a limited value, although in the present stud 3 r as 
exact a history as possible of the total time inside the mines was sought. As 
many accurate measurements of the degree of emphysema have been made, the 
observations reported in table 1 suggest the presence of an individual susceptibil- 
ity factor. For example, case F. R., age 54 (group 1, table 1), with a 40 year 
history inside the mines had no emphysema, while case F. S., age 41 (group 5), 
with a 21 year history inside the mines had a far advanced degree of emphysema. 
Although the concentration of dust in the mines varies widely, it is unlikely, even 
if the exact amount of dust inhaled could be ascertained, that it could be cor- 
related with the degree of emphysema present in this series of 100 cases. 

The findings indicate that practically all of the subjects hyperventilated, but 
there was no significant correlation between the extent of hyperventilation and 
the degree of emphysema. Hyperventilation is a compensatory mechanism, 
however, and during the early stages of the process may be adequate until loss 
of elasticity of the lungs and obstruction markedly decrease MBC and VC. The 
minute ventilation alone was not related to the extent of pulmonary disability. 
In most cases the total lung volume was decreased. Nineteen per cent of the 
cases showed an increase, however, and in a few there was no significant change. 
Compensatory emphysema was present in some cases and absent in others. 
Some of the patients with flat chests had an advanced degree of emphysema, 
probably indicating a more rapid development of the emphysema and the onset 
of the process later in life than in the case of the typical “barrel” shaped chest 
of the asthmatic with a far advanced degree of emphysema. 

The roentgenographic findings alone do not permit a proper evaluation of the 
impairment of pulmonary function in many cases. Extensive deposits of silica 
may be demonstrated on the roentgenogram when the pulmonary function is 
only moderately altered, while in other cases with minimal findings on the roent- 
genogram, the pulmonary function is greatly impaired. In a considerable num- 
ber of cases even the degree of emphysema present is difficult to approximate from 
the roentgenogram alone. 

As 14 per cent of the cases in this series had a residual air less than the normal 
predicted, and 23 per cent had only a slight increase in the residual air per cent 
of total lung volume, pulmonary emphysema could not be assigned as the basis 
of the respiratory difficulty. Furthermore, in most instances those subjects 
with an insignificant amount of emphysema did not have a reduction in MBC 
of sufficient degree to account for the symptoms presented. 

At the present time the studies are being extended to investigate the nature 
of different types of impairment of pulmonary function including the transfer 
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of 0; and C0 2 between the alveoli and arterial blood. Preliminary findings in- 
dicate that the fibrosis present in some cases of anthracosilicosis, although not 
producing a significant degree of emphysema, interferes with the uniform aera- 
tion of the alveoli (the distribution factor (11, 12)). Consequently an increased 
percentage of alveoli are poorly ventilated with a resulting increase in the mean 
pressure gradient of p0 2 between the alveoli and the arterial blood. Distribu- 
tion, one of the factors contributing to the alveolar-arterial pO» gradient, may 
be defined as: ( 1 ) the variations in alveolar p0 2 in different parts of the lungs; 
and (2) the ratio of alveolar ventilation to alveolar perfusion. Also the fibrosis 
obliterates the blood supply to alveoli, so that areas of the lung are ventilated 
but not perfused, thus increasing the physiological dead space and reducing the 
efficiency of 0 2 removal per liter of ventilation. Furthermore, studies until high 
and low levels of oxygenation indicate that the increased p0 2 gradient between 
the alveoli and arterial blood is primarily one of distribution and not a diffusion 
difficulty (increased resistance to passage of oxygen through the pulmonary mem- 
brane). The pulmonary functional impairment of distribution described above 
may produce marked arterial oxygen unsaturation at rest even in the absence of 
emphysema and with a normal maximal breathing capacity. An accurate clin- 
ical evaluation of the disability in such a patient is very unlikely when the roent- 
genographie findings are minimal. 

The compensatory mechanism for the mixing and dilution problem imposed 
by the increased volume of residual air is hyperventilation. The extent of this 
response varies widely, so that compensation is good in some patients and poor 
in others with the same amount of emphysema. Fibrosis and loss of elasticity 
of the chest wall structures and lungs restricts the amount of hyperventilation 
possible without dyspnea. The dyspnea level varies widely, a fact which ex- 
plains the observations that the severity of respiratory symptoms are not an 
accurate measure of the relationship between the residual air and the total lung 
volume. 


SUMMARY 

The degree of pulmonary emphysema has been evaluated physiologically, and 
ventilation measurements obtained, in 100 unselected cases of anthracosilicosis 
with pulmonary symptoms and a long history of exposure to mine dust. 

A quantitative indication of the degree of emphysema was obtained by ex- 
pressing the residual air as per cent of the total lung volume. On the basis of 
this value all cases were classified in five groups as follows: ( 1 ) no emphysema 
(25 per cent or less) ; (2) slight degree of emphysema (25 to 35 per cent) ; ( $. ) 
moderate degree of emphysema (35 to 45 per cent); (4) advanced degree of em- 
physema (45 to 55 per cent); and (5) far advanced degree of emphysema (65 
per cent or more). 

No relationship existed between the history of length of exposure to mine dust 
and the degree of pulmonary emphysema present. Moreover, there was no 
apparent relationship between the stage of silicosis, as determined from the 
roentgenogram, and the degree of pulmonary emphysema present. Most of 
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junto con la radiografia tordcica, debe acrecentar la eficacia de la pesquisa de 
signos temperanos de silicosis. 

Las mediciones de la ventilacidn por minuto en reposo revelaron constante- 
mente la presencia de hiperventilacidn. Las cifras medias de la reserva respira- 
toria en los diversos grupos muestran, aunque existen variaciones individuales, 
una disminucidn gradual a medida que se acentda el enfisema. 

El enfisema pulmonar explica parte de la reduecidn de la funcidn pulmonar en 
la antracosilicosis, pero en una considerable proporeidn de casos, deben inter- 
vene otros factores por no revestir importancia el enfisema presente. 
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MANAGEMENT OF TUBERCULOSIS IN PSYCHOTIC PATIENTS 1 ’ 2 
LOUIS 0. LAMBIOTTE, EDWARD L. WASHINGTON and GEORGE S. BOZALIS 

INTRODUCTION 

The purpose of this paper is to instill optimism and to eliminate some of the 
pessimism that has often pervaded the literature regarding the problems of 
tuberculosis that exist in most large mental institutions. The fact that an ap- 
preciable number of psychotics make at least a partial recovery and return to 
their families and home communities and the problem of control of the disease 
in the institution make a more active approach desirable. 

There have been many articles in reference to tuberculosis among the mentally 
ill (1, 2, 3, 4). However, reference to the literature has not been successful in 
yielding much information in regard to treating these patients. In the majority 
of instances an attitude of pessimism has prevailed. This is particularly true 
in regard to collapse therapy and thoracic surgery. For example, Wicks (5) 
states “it is rather doubtful whether any of the more radical types of chest sur- 
gery (with the possible exception of intrapleural pneumonolysis) should be at- 
tempted in a tuberculosis mental unit.” Leonidoff (6) states “pneumothorax is 
unsuitable for the mentally ill patient”. Although it is not intended to minimize 
the difficulties involved in treating psychotic patients with pulmonary tuber- 
culosis, the writers believe that a more optimistic attitude is warranted. To 
support that contention is the purpose of the present report which is based on 
experiences with 100 cases of pulmonary tuberculosis treated at the Veterans 
Administration Hospital, North Little Rock, Arkansas, during the past two years. 
Although the period of observation has been of insufficient length to permit 
statistically valid conclusions as to the final result of treatment, it is believed 
that these experiences show that the problems in the management of psychotic 
tuberculous patients are not insurmountable. 

Detection of Cases 

The psychotic tuberculous patient probably represents a great source of in- 
fection and propagation of the disease, both in patient population and in their 
home communities. Bogen, Tietz and Grace (7) in 1934 surveyed the patients 
in Longview State Hospital, Cincinnati, Ohio. Their survey showed that tuber- 
culous infection among mental hospital patients increases according to length of 
their stay in. institutions and indicated that probably the majority of such 
patients contract their infection as well as their disease after their admission to 
the mental hospital. The present survey has revealed 28 patients who apparently 

1 From the Medical Service, Veterans Administration Hospital, North Little Rock, 
Arkansas. 

1 Published with permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions ex- 
pressed or conclusions drawn by the authors. 
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Although the above principles of therapy were formulated independently, it 
was later found that the conclusions were the same as those of the group at the 
Ontario Mental Hospital. 

Nutrition: The problem of nutrition is the second problem of importance in 
each patient. The dietary regimen followed is the same as in the hospitals for 
the mentally competent. However, the coexistence of psychosis often interferes 
with adequate nutrition. The patient with a paranoid personality may harbor 
the delusion that the food is poisoned, the catatonic patient, in his retreat from 
reality, will cease to eat, and the hebephrenic patient may play with his food 
rather than cat it. Those who present eating problems must be picked out and 
given special attention. Every possible solution should be given a trial. The 
same attitude of constant persuasion combined with friendliness is essential. 
Some must be fed as a child is fed. Some will eat when fed by a woman but will 
refuse all food offered by a man. Only in a few paranoic patients and in those 
with the most severe catatonia does gastric lavage become necessaty. 

The following case represents a typical example of a feeding problem. 

The patient was a 5G year old white male who was admitted to the Veterans Administra- 
tion Hospital, North Little Rock, December 19, 1924. A diagnosis of schizophrenic reac- 
tion, catatonic type, was made. The patient has been a feeding problem throughout his 
period of hospitalization. He is apathetic, mute, negntivistic and at times resistive. A 
progress note in 1930 notes the following: “The patient still will cat for only one attendant 
and when that attendant is oft duty, refuses to eat. He will take exercise only under the 
supervision of that one attendant.’’ The patient was given eight electric shock treatments 
in 1946 but this did not improve his condition. 

Roentgenographic examinations of the patient’s chest were negative until 1946. In 
August, 1946 he was noted to have developed infiltration and cavitation in the left lung. 
Four sputum examinations were positive for acid-fast bacilli. The patient’s psychiatric 
condition is such that he is not a candidate for major thoracic surgery. Minor collapse 
measures have failed. During his period of hospitalization on the tuberculosis service he 
has continued to present a problem in nutrition. At intervals he refuses to eat altogether. 
After being tube fed for periods varying from one to five weeks, he will suddenly resume 
eating voluntarily. He consistently refuses to eat from a tray but will eat in the dining hall 
at times. He eats better when fed by a woman than by a man. He often will take liquid 
nourishment and steadfastly refuse solid food. 

Laboratory Investigations: The problem of laboratory investigation of the 
etiology and activity of the pulmonary lesions is also in need of special attention. 
Isolation of M. tuberculosis is necessary to establish the diagnosis. This pre- 
sents many problems not encountered in the mentally competent patient. 
Sputum specimens are often difficult and sometimes impossible to obtain. 
Methods must be utilized to prevent one patient from using another’s sputum 
cup. If all efforts to obtain sputum specimens from a patient are unsuccessful, 
gastric lavage must be performed. The initial use of this procedure often neces- 
sitates active restraint of the patient. It is significant, however, that most 
psychotic patients soon learn to undergo lavage without objection. The lavage 
specimens may be examined by direct smear but positive reports should be 
verified by culture or animal inocculation. 
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the quicker the more active measures can be taken in treating their neuropsy- 
chiatric condition. 

The psychiatric status must also be taken into consideration in each individual 
case. In general, it is felt that collapse therapy, including major thoracic surgery, 
is indicated in those patients whose outlook for a remission of their mental dis- 
ease and ultimate discharge is reasonable. Also those patients who probably 
will not be able to leave the hospital but can adjust to minimum supervision and 
maximum privileges should be given serious consideration. 

It is not believed that extensive surgical procedures are indicated in the 
chronic deteriorated psychotic patient whose psychiatric prognosis is hopeless 
and who must spend the remainder of his life under close supervision. However, 
minor surgical procedures, such ns pneumothorax, pneumoperitoneum, and 
plirenico-exeresis have been employed in this group of patients without difficulty. 

The active participation of the psychiatrist in the selection of cases for collapse 
therapy is an absolute necessity. This is particularly true for those patients 
who arc candidates for major thoracic surgery. 

In the actively psychotic patient with active pulmonaiy tuberculosis the 
decision must be made as to which illness to treat with the greater emphasis. 
The disturbed, hyperactive patient cannot be made to observe bed-rest to any 
degree. He also is unable to cooperate adequately with specific forms of treat- 
ment, and is difficult to manage during the postoperative period, if surgery is 
undertaken. This was well illustrated by one patient in the present series who 
expired following a second stage thoracoplasty. A brief summary of this case 
follows. 

C. E. H., age 52, was admitted to this hospital Mnrch 27, 1940. The history revealed that 
the patient had been a chronic alcoholic for most of his adult life and in 1944 he was admitted 
to a state hospital in California following a long period of drinking. A diagnosis of psycho- 
sis, alcoholism, alcoholic neuritis and Korsakoff’s syndrome was made. The patient failed 
to show improvement and was transferred to this hospital. On admission he was com- 
pletely disoriented and showed mnrkcd impairment of memory for both recent and remote 
events. He later developed delusional ideas and was continually hyperactive, requiring 
frequent sedation and mechanical restraints. No improvement in his mental condition was 
noted during his hospitalization and on June 12, 1947 his diagnosis was changed to psychosis, 
alcoholic deterioration. Itocntgenographic examination of the chest on admission to the 
hospital showed pulmonary infiltration in the right apex and first interspace. No cavities 
were seen. Gastric lavages were positive for the presence of acid-fast bacilli. Pneumo- 
thorax on the right was instituted February 3, 1947. Roentgenogram of the chest following 
institution of pneumothorax revealed the presence of pleural adhesions and a closed intra- 
pleural pneumonolysis was attempted on March 25, 1947, but was unsuccessful. Thoraco- 
plasty on the right was recommended and the first stage was performed on May 28, 1947 and 
the first three ribs were resected. The anesthesia used was nitrous oxide and oxygen and 
sodium pentothal intravenously. The patient’s postoperative course was uneventful except 
for the difficulties experienced as a result of his mental condition. He seemed completely 
unaware that he had had an operation. He insisted on being out of bed immediately and 
used his arm on the operated side without apparent pain or discomfort. He demanded and 
consumed large quantities of food. Immediately postoperatively considerable sedation 
was required in order to control the patient. On the 25th of June, 1947 second stage thora- 
coplasty was performed and the fourth, fifth, sixth, and seventh ribs were resected. The 
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therapy. Ilis progress thus far lias been satisfactory, and his outlook for 
recovery definitely improved. It is believed that, the surgical therapy of the 
tuberculosis would not have been possible without the preceding prefrontal 
leukotomy. A brief case summary follows: 

P. L. II,, age 57, was admitted to this hospital on December 13, 1915. The patient had 
shewn evidence of severe mental illness for many years and had been diagnosed as schizo- 
phrenic reaction of the hebephrenic type. A rocntgcnographic examination of the chest 
revealed the presence of a minimal infiltration in the right lung. The left lung showed a 
chronic proliferative inflammatory process extending from the second to the seventh ribs 
anteriorly. A cavity appeared to be present in the left second interspace. No active ther- 
apy was undertaken at this time. Reexamination in February, 1947 again revealed the 
previously reported pulmonary infiltration. There appeared to have been very slight 
regression since December, 1945. Investigations were carried out to determine the etiology 
of the pulmonary lesion demonstrated on the roentgenogram. The erythrocyte sedimenta- 
tion rate was found to be 32 mm. per hour. The patient was unable to cooperate in produc- 
ing sputum specimens and gastric lavage could only be performed by restraining the patient. 
The few lavage specimens obtained at this time were reported as negative for tubercle 
bacilli. The patient’s mental disease was characterized by many bizarre delusions in 
reference to the genito-urinarv and gastro-intcstinal tracts. He also had many delusions 
of a religious nature. These abnormal thought processes were so disturbing that the 
patient required very close supervision and sedation. He refused to allow the windows to 
be opened near his bed, objected to any light in the room, and demanded that the other 
patients leave the radio off at all times. He was so insistent in these demands that he was 
involved in frequent fights with other patients. In view of the severity and long-standing 
nature of the patient’s mental illness and the presence of undoubtedly active pulmonary 
tuberculosis, the patient's case was reviewed by the medical and psychiatric Staff. On their 
recommendation, a prefrontal leukotomy was performed on June IS, 1947. Postoperatively 
a marked improvement in his attitude and behavior was noted. He was cheerful, became 
interested in the ward activities, and cooperated fairly well with bed-rest and diagnostic 
procedures. More gastric lavages were performed and were reported as positive for the 
presence of acid-fast bacilli, thus establishing the diagnosis of active pulmonary tubercu- 
losis. The patient’s mental improvement continued and was felt to be sucb that a trial 
visit could be anticipated if his pulmonary tuberculosis could be brought under control. 
With this in view, pneumothorax on the left was initiated on August 5, 1947. It was dis- 
continued, however, on August 19, 1947, because of the presence of pleural adhesions that 
were unsuitable for pneumonolysis. The patient’s case was then reviewed by the Assistant 
Branch Chief of Tuberculosis and a thoracoplasty on the left was recommended. Strepto- 
mycin was to be given in conjunction with the thoracic surgery. The patient was started 
on streptomycin December 15, 1947, 0.5 Gm. twice a day. The first stage thoracoplasty was 
performed on February 11, 1948 and the first three ribs were resected. The anesthesia 
consisted of intravenous sodium pentothal, nitrous oxide and oxygen and curare. The 
patient withstood the procedure well and the postoperative period was free of complica- 
tions. The second stage thoracoplasty was performed on March 10, 1948 and the fourth, 
fifth, sixth, and seventh ribs were resected. Again the patient withstood the procedure 
well and the immediate postoperative period was free from complications. At the present 
time the patient has shown some exacerbation of his mental disease. His attitude is one of 
antagonism and quarrelsomeness. It is felt, however, that, as his general physical condi- 
tion improves and his feeling of well-being returns, his mental condition will again show 
improvement. Roentgenographic examination of the chest shows an adequate collapse of 
the diseased portion of the left lung. The minimal infiltration noted in the right lung on 
admission has remained stable. It is believed that this case shows that one can salvage at 
least a small percentage of patients with a disturbing psychosis and pulmonary tuberculosis. 
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Group C patients include those who have a psychosis of a chronic nature and 
who are either chronically disturbed or show marked mental regression and 
deterioration. It is this group of patients in which the highest incidence of 
pulmonary tuberculosis is found. Although it may be possible to carry out 
collapse therapy in a few of these patients, it is the exception rather than the 
rule. In general, no specific treatment is indicated except segregation from the 
hospital population. It is, however, in this group that prefrontal leukotomy 
should always be considered. 


Thoracoplasty 

The first thoracoplasty was performed at this institution in November, 1946. 
Since that time the procedure has been completed in 11 patients. Detailed in- 
formation concerning these patients is presented in table 1. The youngest pa- 
tient was 25 and the oldest 58 and the average age for the group was 47 years. 
Seven of the 11 patients had a trial of pneumothorax prior to thoracoplasty. 
In all 11 patients, pneumothorax was discontinued because of the presence of 
pleural adhesions unsuitable for pneumonolysis. The patients selected for 
thoracoplasty, with few exceptions, were those whose psychiatric prognosis was 
fairly good or those who had been able to make a satisfactory hospital adjustment 
(i.c., open ward). 

The operations were all performed by the local Consultant in Thoracic Sur- 
gery. The anesthesia has been of two types, local and general. The patients 
operated under local (1 per cent novocaine) received luminal 0.3 Gm., morphine 
.010 or .015 Gm. and hyoscine .0006 Gm. as a basal anesthetic. Five patients 
were operated upon under local anesthesia but only patients that were of fair 
mental competence or had marked catatonic features were selected for this type 
of anesthesia. All of the patients who received only local anesthesia were 
managed with difficulty during the operations. 

General anesthesia was used in the remaining 6 patients, and consisted of in- 
travenous sodium pentothal, nitrous oxide and oxygen and curare, with endo- 
tracheal intubation. All uncooperative disturbed cases were done under general 
as described. 

There were two postoperative deaths in the group. The clinical course of one, 
C.H., was summarized above. The other, J.E.E., died on the third postoperative 
day. Postmortem examination revealed thrombosis of the superior sagital 
sinus and its main tributaries, with multiple hemorrhagic infarcts of the brain. 

Although sufficient time has not elapsed for final disposition of the 9 surviving 
patients, 3 are being considered for trial visit, 4 are to be transferred to a ward 
allowing them to lead a more normal life, one has been recommended for pre- 
frontal leukotomy, and the psychiatric status of one patient is such that con- 
tinued close supervision will be necessary. 

Pneumothorax 

As previously noted, some physicians have been extremely pessimistic in 
regard to the use of pneumothorax in psychotic patients. Thirty-three of the 
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patients in the present series have been given a trial of pneumothorax without 
undue difficulty. No sedative therapy was considered to have been necessary 
in these patients. It is recognized, however, that in some patients sedative 
therapy would be indicated. It is believed that pneumothorax cannot be given 
to certain patients, such as the extreme paranoid or agitated manic patient, but 
these will be the exception rather than the general rule. Moreover, if collapse 
therapy is indicated in such a patient, the possibility of performing prefrontal 
leukotomy or electric shock treatment before the collapse therapy should be 
considered in order to give better cooperation. 

Summarization of table 2 indicates the following. An attempt was made to 
establish thirty-seven pneumothoraces. Five pneumothoraces were success- 
fully instituted without pneumonolysis and eleven were successfully instituted 
with the aid of intrapleural pneumonolysis. Two bilateral pneumothoraces 
were started and maintained. Twenty-one pneumothoraces were unsuccessful 
because of adhesions that prevented therapeutic collapse and were not amenable 
to intrapleural pneumonolysis. There have been no complications in the group 
which did not require pneumonolysis. Only one complication was encountered 
in the unsuccessful group. Six complications occurred in the group requiring 
intrapleural pneumonolysis: adhesive pleuritis, 1; pleural effusion, 3; spread of 
disease, 1; and traumatic pneumothorax with massive collapse and death, 1. 
Four of the patients in this group of 33 have died. The death of only one was 
related to pneumothorax therapy. 

It is recognized that these results are not as favorable as some published 
series; nevertheless, the failure to achieve better results cannot be attributed 
to the patients’ psychoses. The failure to achieve better results is principally 
a consequence of the long duration of disease prior to the attempts at collapse 
therapy. 

The patients’ psychoses have not constituted a serious problem in manage- 
ment even in regard to intrapleural pneumonolysis. This surgical procedure 
can be successfully performed, even in the agitated patient, by use of general 
anesthesia with sodium pentothal. Cooperation during the postoperative period 
can be obtained by means of sedation and special nursing care. The “special” 
nurse is a factor of great importance in the postoperative course of any psychotic 
patient. Constant observation, untiring patience, persuasive charm, and 
knowledge of the importance of the compliance with postoperative orders arc 
requisite in ever}' “special” nurse. 

It is the opinion of some that pneumothorax is not a worthwhile procedure in 
older age groups. Attention should be drawn to the fact that it was possible to 
institute pneumothorax successfully in 12 patients 45 years of age or older. 
From this limited experience it is believed that collapse can be successfully in- 
stituted in older age groups far more often than is generally realized. It is im- 
possible to predict success or failure accurately and the nltempt at collapse 
therapy should be made if the patient is considered a suitable candidate for 
pneumothorax. 

One final fact can be demonstrated by analysis of this group. Seventeen of 
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the 33 patients contracted pulmonary tuberculosis after entering this hospital. 
This demonstrates the striking need for better control of tuberculosis in mental 
hospitals. 


Other Collapse Measures 

Phrenico-exeresis and pneumoperitoneum have also been found applicable in 
psychotic patients. The former procedure has been performed in 5 patients. 
Phrenico-exeresis has been reserved for situations in which it is desired to give 
the diseased lung additional protection against reactivation or extension of dis- 
ease. The results have been equivocal. 

Pneumoperitoneum has been instituted in two patients without difficulty. 
The concept has been followed that this form of therapy is indicated in patients 
with bilateral disease whose lesions are predominantly exudative in character. 
Pneumoperitoneum may also be used in certain selected patients who would be 
candidates for major chest surgeiy except for their psychiatric status. The fol- 
lowing case history is cited to demonstrate such a patient. 

J. A.S., age 53, was admitted to this hospital September 4, 193S. A diagnosis of psycho- 
sis, syphilitic meningo-encephalitic type, was made on admission. The syphilologist 
believed that no further antisyphilitic therapy was indicated. The patient showed marked 
mental regression and deterioration. He was unable to carry on a normal conversation and 
his psychiatric prognosis seemed hopeless. First evidence of pulmonary tuberculosis was 
discovered on routine roentgenogram of the chest in November, 1945. At that time an 
area of pulmonary infiltration was observed in the right apex and first interspace. Since 
1945 there has been a moderate increase in the extent of the lesion but no spread to the 
contralateral lung. Gastric lavages have been positive for the presence of acid-fast bacilli. 
Right pneumothorax was initiated in March, 1947. Collapse was inadequate because of 
multiple adhesions which did not appear to be amenable to pneumonolysis. Therefore, 
pneumothorax was discontinued. The patient’s psychiatric condition was so bad and his 
physical condition was so poor that thoracoplasty was thought to be contraindicated. He 
was tube-fed from July, 1947 through October, 1947 and his general physical condition 
improved. Pneumoperitoneum was begun in September, 1947. Recent roentgenographic 
examination of the chest revealed definite decrease in the extent of the infiltration in the 
lung. Phrenico-exeresis on the right is being considered at the present time to increase the 
elevation of the right diaphragm. 


SUMMARY 

The purpose of this paper has been to show that problems in the management 
of psychotic patients with pulmonary tuberculosis are not insurmountable. The 
fact that an appreciable number of psychotics make at least a partial recovery 
and return to their families and home communities and the problem of control 
of the disease in the institution make a more active approach desirable. 

Conclusions based on experience with over 100 psychotic patients with tuber- 
culosis are reported. Routine roentgenographic survey of the patient popula- 
tion has been proved to be the best method of detection of cases. General 
management of these patients has been discussed in detail with, special emphasis 
on the problems of rest, nutrition, and collapse therapy. All forms of collapse 
therapy can be successful^ carried out in selected psychotic patients. In 
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Schizophrenic reaction, hebephrenic 
type. Delusional and excitable. 

Schizophrenic reaction, hebephrenic 
type. Deteriorated, hyperactive. 

Schizophrenic reaction, hebephrenic 
type. Deteriorated, hyperactive, re- 
gressed. 

Schizophrenic reaction, hebephrenic 
type. Deteriorated, manneristic, re- 
gressed. 

Psychosis, syphilis, meningo-encepha- 
litic type. Seclusive, paranoid, resis- 
tive to therapy. 

Schizophrenic reaction, catatonic type. 
Seclusive, mute, occasionally agitated, 
a feeding problem. 

Schizophrenic reaction, hebephrenic 
type. Chronically disturbed and hy- 
peractive, requiring sedation and occa- 
sional restraint. 

None 

Spread to right lung 
necessitating right 
pneumothorax. 

Pleural effusion. 

Patient expired follow- 
ing traumatic pneu- 
mothorax with mas- 
sive collapso in pres- 
ence of bilateral 
pneumothorax. 

None 

Tension pneumothorax 
with bronchopleural 
fistula and develop- 
ment of empyema. 

None 
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general, however, major thoracic surgery should be reserved for those patients 
with a favorable prognosis for remission of their psychoses or the ones who have 
made a satisfactory adjustment under maximum privileges and minimum super- 
vision. Shock therapy and prefrontal leukotomy in an effort to improve the 
mental status are applicable in certain selected cases of psychotic tuberculous 
patients. 


SUMARIO 

La Asistencia de la Tuberculosis en los Psicolicos 

Tiene por propbsito este trabajo demostrar que no son insuperables los proble- 
mas planteados por los psicdticos que padecen de tuberculosis pulmonar. El 
hecho de que una proporcidn apreciable de los psicdticos se reponen por lo menos 
parcialmente y regresan a sus hogares y colectividades y el problema creado por 
la lucha contra la enfermedad en una institucion indican la conveniencia de un 
ataque m&s activo. 

Las conclusiones presentadas b&sanse en las observaciones realizadas en m&s 
de 100 psicdpatas con tuberculosis. Las encuestas radiograficas sistematicas 
de los enfermos del establecimiento ha resultado ser el mdtodo mejor para el 
descubrimiento de casos. Discutese a fondo la asistencia general de esos sujetos, 
recalcando en particular los temas del descanso, la nutrici6n y la colapsoterapia. 
En los psicdticos seleccionados pueden ejecutarse con dxito todas las formas de 
la colapsoterapia; pero, en general, debe reservarse la cirugia toracica mayor 
para aquellos en los que el prondstico para la remisidn de la psicosis es favorable 
o que han logrado un ajuste satisfactory con un maximo de libertad y un mlnimo 
de vigilancia. En ciertos tuberculos psicdticos bien escogidos tienen su aplica- 
ci6n el choc terapdutico y la leucotomla prefrontal con mira a mejorar el estado 
mental. 
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ON FULMINANT TUBERCULOUS SEPTICEMIA WITH LEUKOPENIA 


WALTER l’AGEL and A. L. WOOLF 1 
INTRODUCTION 

The term, fulminant tuberculous septicemia, is used to describe a rapid 
process of generalised tuberculosis which either fails to cause any grossly de- 
tectable lesions or produces multiple necrotic areas which do not resemble the 
classical structure of tuberculous foci, but arc replete with tubercle bacilli. 
Only 11 such cases have been described in the literature and most of them 
showed evidence of primary abdominal infection associated with a characteristic 
leukopenia (1). The diagnosis of tuberculous septicemia in all of these eases is 
made from the fulminant clinical picture often resembling typhoid fever, in 
concert with the anatomical changes, rather than by the demonstration of 
tubercle bacilli in the. circulating blood. The latter is still subject to technical 
difficulties and a positive result may be obtained in the terminal stages of pul- 
monary phthisis, without the presence of fulminating tuberculous septicemia. 

In this hospital, 2 cases of fulminant tuberculous septicemia have been ob- 
served. One of these cases presented evidence of primary abdominal infection 
and belonged to the second category, i.c., producing grossly detectable necrotic 
foci (1). The second case, to be reported below, is of special interest in that it 
originated in a straightforward primary pulmonary infection and belonged to 
the first category of cases without macroscopic lesions. 


CASE REPORT 

Clinical illness: The patient was a 56 year old man who had felt well until one month 
before admission, at which time he had fainted and fallen in the street. Improvement was 
slow and anorexia, disinterest, increasing deafness, and rash on face, arms and legs per- 
sisted. Five days before admission the patient was noted to have twitching of face. 

Physical examination on admission to the hospital revealed a temperature of 101°F., 
a respiratory rate of 40 per minute and diffuse coarse rhonei over both chests. The total 
leukocyte count was 2,050 per cu. nun., of which 46 per cent were neutrophils. A chest 
roentgenogram revealed the shadows of a patchy consolidation and partial collapse of 
the right lower lobe. The cliuical diagnosis was agranulocytosis and auricular flutter. 
The possibility that the patient also had psittacosis was considered. 

The course of the illness was one of progressive physical and mental deterioration . The 
auricular flutter was converted to auricular fibrillation with a rapid ventricular rate. 
Crepitations were detected at the lung bases. The total leukocyte count fell to 250 per 
cu. mm. and the blood urea nitrogen was 73 mg. per 100 cc. The lungs became increasingly 
congested and slight anomalous ocular signs with inequality of pupils appeared just before 
death. The cell count of the cerebrospinal fluid increased from one to 156 per cu. mm. 
The patient died eight days after admission to the hospital. 

Postmortem findings: Both lower lobes of the lungs were consolidated and hemorrhagic, 
with the process being more pronounced on the right. The other lobes were congested. 

1 From the Central Middlesex County Hospital, London, N. W. 10, England. 
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generalised tuberculosis which was discovered when they were killed forty -two days later. 
A rabbit inoculated with 0.001 mg. culture intravenously is still alive live months after 
infection. 

It was concluded that a human strain of M. tuberculosis was responsible. 

Careful postmortem roentgenography failed to reveal any trace of calcification in the 
lungs. 

Histopathologic findings: Microscopic examination of the lungs revealed a diffuse 
hemorrhagic bronchopneumonia with much inflammatory edema but few cells. The 
latter were chiefly present in the alveolar phagocytes, some of which were filled with cocci. 
Polymorphonuclear leukocytes were scarce. The hemorrhages were chiefly visible in 
the periphery of the exudative lesions. Perivascular mononuclear cell infiltration and 
invasion of the intima of medium sized arteries were both present. Examination of other 
pneumonic areas revealed fibrinoid necrosis with central collections of cocci and peripheral 
hemorrhage. There were thickening and edema of arteriolar walls with mononuclear cell 
infiltration of the periphery of the adventitia. No acid-fast bacilli were demonstrable in 
appropriately stained sections of the hemorrhagic lesions. 

Examination of the subpleural wedge-shaped caseous area revealed confluent caseous 
bronchopneumonia which was ill defined and showed very little, if any, evidence of en- 
capsulation. The lesion was surrounded by a few lymphocytes distributed in the im- 
mediately adjacent atelectatic aveoli. The process appeared to be rapid and destructive 
as evidenced by fragments of bronchial cartilage and traces of vascular walls which could 
be seen in the peripheral part of the caseous area. Not more than two giant cells were 
found per section in the periphery of the focus and no classical tubercles were observed. 
The caseous area contained many acid-fast bacilli. Shadowy outlines of the elastic 
fibers of the alveolar septa were still visible but were entirely destroyed in those areas 
where there was beginning liquefaction. This change occurred in small patches and 
caused the usually pink caseous ground substance to assume a bluish tint presumably as a 
result of loss of the fibrinoid component. 

The bifurcation lymph node contained confluent ill defined patches of fibrinoid necrosis 
which consisted chiefly of round chromatin fragments. 

The sternal marrow contained many cells, many acid-fast bacilli. No polymor- 
phonuclear leukocytes were seen but many “plasma cells” were present. The marrow 
also contained fair numbers of immature red cells, an occasional cosinophile and other 
immature leukocytes and some megakaryocytes. In addition, there were a fair number of 
ill defined areas of fibrinoid necrosis containing many acid-fast bacilli (figure *>). These 
areas were surrounded by active bone marrow as described above and revealed no evidence 
that any attempt had been made to form zones of cellular demarcation (figure 0). 

A very few small Malpighian corpuscles were visible in the spleen and the grossly 
hyperemic pulp dominated the picture. The pulp was moderately cellular and contained 
numerous reticulo-endothelial cells, especially in the sinuses. Some of these cells were 
full of hemosiderin (crylhmphagin). In addition, scattered in the pulp, were small 
areas of fibrinoid necrosis with a moderate number of chromatin fragments, mostly round 
and rod shaped. These areas are ill defined, devoid of any attempt at demarcation and 
abound with acid-fast bacilli (figure 8). Finally, some vascular changes were noted, 
which consisted of a fibrinoid necrosis of the intima of the larger veins. These lesions 
contained numerous acid-fast bacilli (figure 7), The vascular changes were particularly 
prominent in and around the large, partly hemorrhagic, splenic infarct. 

No acid-fast bacilli were discovered in the splenic tis-ue outride the small necrotic foej. 

Multiple jH’ri|vu tal as well as intralobular auras of iibinoid necrosis were pre-cut hi the 
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liver. In the intnilobular lesions proliferation of the Kupffcr cells was prominent and 
many tubercle bacilli could be seen in the necrotic areas. There was an area of cortical 
necrosis in the kidney and the artery leading to the area was blocked by a thrombus. 
There were small areas of necrosis in the suprarenal cortex which contained moderate 
numbers of tubercle bacilli. 


COMMENT 

The wedge-shaped fresh caseous area in the lung, together with the wholesale 
necrosis of the bifurcation lymph nodes, constitute a primary complex, probably 
of short duration. Careful postmortem roentgenography of the lungs failed to 
show any trace of a preceding (now calcified) primary infection. It is therefore 
reasonable to conclude that the fresh lesion is of a primary nature in spite of the 
advanced age of the patient. 

The process in this primary complex must have been rapid in view of the 
presence of “direct necrosis” rather than “caseation”. The rapid nature of the 
necrosis is indicated by the predominance of round chromatin fragments, which 
originate from disintegrating lymphocytes and not from epithelioid cells, which 
leave long and bizarre nuclear remnants. The abundance of tubercle bacilli 
also points to a rapid process of tissue destruction. 

Dissemination of tubercle bacilli, with resultant, necroses, must have occurred 
from this primary lesion and corresponded to the five weeks of febrile illness. 
In spite of the microscopic areas of necrosis in the majority of organs, hardly 
any gross changes were visible. This is in contrast with the case previously 
reported from this hospital (1) and with the majority of cases recorded in the 
literature. Of the latter, only in the case reported by Scholz (2) were 
macroscopic changes not detectable. 

The minimal gross changes in the present case included infarcts in the kidney 
and spleen. The former resulted from a nontuberculous arterial plug and the 
latter from tuberculous cndophlebitis of one of the larger veins, the intima of 
which contained tubercle bacilli. A previous case reported by Pagel (3) was 
similar in that a large renal infarct and subserous petecliiae were the only 
macroscopic findings. 

Like the case previously reported from this service (1), the present case was 
characterised by a marked leukopenia attributable to the scarcity of leukocyte 
precursors in the marrow, and their replacement by plasma cells. Marked 
leukopenia (between 400 and 1,700 leukocytes per cu. mm.) has been described 
before, as a feature characteristic of tuberculous septicemia (2, 4, 5). In other 
cases, however, the total leukocyte count has been normal (6, 7, 8) or different 
blood changes were found, notably polycythemia (9), or acute myeloplastic 
leukemia with leukopenia (10). The case reported b,y Lenhartz (11) was one 
of a rapid miliary spread of only four weeks’ clinical duration with the picture of 
acute myeloplastic leukemia. The similar observation by Crail (12), however, 
was chacterized by the long clinical course (about nine months) and splenec- 
tomy was performed. 

The pulmonary portal of entry is consistent with a human tubercle bacillus 
infection, though it should be recalled that human bacilli have been recorded in 
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agranulocytosis^d^mito^the^strepto^^ci^ treatment 

Report of a Case 
DAVID D. FELD' 

INTRODUCTION 

• i u W n recorded by numerous observers, 
Toxic reactions to streptomycin ia deleterious effects upon the 

but ven’ little rcfcrencehas '-n " an, " ^ ptomyc - m toxicity by 
hematopoietic system. n a to I lmdor miscellaneous observations. 

Farrington and ns associa es, 't ‘ red in two subjects in conjunction 
“Leukopenia without, gianulocj 1 ‘ ‘ P tion< In another subject, leu- 

with the appearance of a drug sem s developed during the second month of 
koepnia (2,000 to 3,000 cells for approximately sixty 

therapy. A relative granule^ wcre d ollbt f ul that this reaction was 
days but eventually disappeared. 1 • t ho apparently always had 

„„ „ toxic basis because the patien - -gt' Lot. hematogenous 
a low total leucocyte count and lie was also suneu b 

tuberculosis. nr .rl Chemistry on the effects of 

In a report (2) to the Council on P ia ™ g ^ j rcated cases “collected from the 
streptomycin on tuberculosis m man ou 00 ^ ^ conskle red and eight 

Veterans Administration, the Aim> , ‘d during treatment. Five 

instances (.98 per cent) of blood dyscrasia . PI ‘ neutr0 p en ia. There were 
of these consisted of a relatively mild leukope * definitely due to strepto- 

three instances, however, of agranulocytosis w ‘ ^ miliary tuberculosis, 

mycin. Although one of these 3 patents had 
cessation of streptomycin was followed, by a 

function despite progression of the dis f se ‘ mentioned in these reports 

The instances of leukopenia and granulocj topen tl ht advisable to 

have not been presented in detail. According i . ^ l tosis occurred, 

report the following case in which leukopenia and agianuiocj 
apparently as a complication of streptomycin theiapj • 

CASE REPORT 

, to Muirdale Sanatorium on 

yf. \y., a 42 year old white male steelworker, was adn 

the evening of February 27, 1947. . . „ c liild. He was told 

His past history revealed that he had had rheuma „ heart murmur as long as 

that he had rheumatic heart disease, and he f state ° ‘ . ‘ he had imb ibed alcohol freely 
I can remember.” For the six years pnoi o a “ the yxilwaukee County General 
and on December 10, 1940, lie had been a m . am t ba t time was reported 
Hospital for acute alcoholism. A routine ches 1 « “ dtb a diagnosis of alcoholic 

» berng normal. Ho rvas discharged tlartaao ^ fa e, -h adj ^ 

psychosis. He returned to work and immediately D D 

, ri 1 Pnnntv Tuberculosis Sanatorium, Milwaukee, 
1 From Muirdale Sanatorium, Milwaukee w isC onsin. 

Wisconsin, and Marquette School of Medicine, Milwaukee, 
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TABLE 1 


DATE 

Streptomycin 

started 

2-27-47 

HEMO- 

GLOBIN 

PER 

CENT 

COLOR 

INDEX 

RBC 

mil- 

lions/ 

CU.MM. 

WBC PER 
CU.MM. 

(c 

U3 

! a 
, £ 

' o 

a£ 

H 

D 

td 

£ 

mi 

:xpri 

1 

Q 

K 

H 

S 

s 

c 

g 

TERI 

:SSEI 

» 

g 

ir. 1 

:ntia 

> IN 1 

cn j 

> 

U 

O 

S 

> 

a 

,L \VI 
>ER C 

t n 

a 
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> 

O 

O 

g 

1C 

ENT) 

C/5 
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0 

g 

a 

C/3 

rJ 

S 

O 

tSi 

< 

n 

PLATELETS 

THOUSANDS/ CU.MM. 

N.P.N. y PER CENT 

REMARKS 

3- 1-17 

71 

.9 

3.93 

10,000 

71 

67 

4 

20 

S 

1 




500 cc. citrated 

3- 6-47 

65 

.93 

3.56 

7,050 

77 

69 

s 

16 

4 

1 

2 


29.5 

blood, March 3, 

3—1 / —4 i 

94 

,9S 

4.S8 

7,S50 

: 57 

55 

2 

22 

15 

6 




6, 10, and 24, 

3-22-47 

81 

.92 

4.46 

3,100 

26 

23 

3 

53 

19 

0 

2 



1947 

3-24-47 




2,700 

0 

0 

0 

65 

26 

9 




Neutrophils 















absent 

3-25-47 

Streptomy 

cin 

2,250 

1 

1 


50 

39 

9 

1 



Neutrophil 


■ stopped 












degenerate 

3-26-17 




2,325 

1 


1 

55 

33 

10 

1 




3-27-47 




2,375 

1 


1 

62 


6 

2 


51.2 


3-2S-47 




2,150 

2 


2 

64 

28 

3 

3 




3-29—17 

S7.7 

.9 

4. SO 

2,950 

3 


3 

71 

26 



230 



3-31-47 




2,S25 

19 

11 

8 

52 

29 






4- 1-47 




2,S00 

20 

7 

13 

49 

28 

3 





4- 2-47 




3,950 

3S 

19 

21 

37 

22 


1 




4- 3-47 




5,300 

57 

34 

23 

2S 

15 






4- 4-17 




7,350 

5S 

3S 

20 

29 

13 






4- 5—17 




10,450 

671 

4S 

19 

20 

13 




40 


4- 7-47 

S7 

.87 

5.06 

12,550 

79: 

66 

13 

13 

8 






4- 9-47 




13,950 

77i 

64 

13 

14 

8 


1 




4-11-47 




17,150 

77: 

61 

16 

12 

11 






4-12-47 

Streptomj’ 

cin 

15,950 

77i 

66 

11 

14 

9 




4S 



started 













4-14-47 




12,250 

74 

59! 

15 

15 

9 

2 





4-17—47 

S7 

• S5 

5.19 

12,400 

73 

65 

S 

13 

S 

6 



3S.4 


4-30-47 




12,150 

73 

63: 

10 

16 

7| 

41 



39.5 


5- 5-47 

94 

1 

4.6S 

10,900 

64 

5S 

6 

28 

2, 

4 

2 




5-12-47 




9,450 

66 

00 

6 

22 

10 : 

2 



44 


5-20-47 




10,300 

6S 

60 

8 

21 

6: 

5 



45.4 


5-2S-47 




14,900 

81 

73: 

8 

13 

3 

3 




maxillary antrum 








1 







infection 

5-31-47 




10,S00 

76 

73 

3 

16 

12 






0- 7-47 




10,500 

59 

52 

2 

16 

15 




51.9 


7- 2-47 




9,350 

55 

51: 

4 

27 

12 

6 





7-30-47 




9,250 

48 

44 

4 

35 

15 

3 



50 


S-21—17 

94 

.85 

' 5.66 

10,650 

56 

49 


26 

15 

3 



26.6 


9- 2-47 




9,900 

61 

57 

4 

30 







9-25-47 




10,200 

57 

52 

5 

36 

7. 




31.9 


10 2/ — 47 




9,100 

54 

45 

9 

37 

6 

3 





11-27-47 

100 

1 

6.24 

9,250 

61 

50 

11 

33 


2 





12-26-47 

100 

1 

5.99 

10,200 

53 

50 

3 

36 

7' 

3' 

1 


39.4 


1-29-4S 

107 

.97 

5.51 

8,550 

56 

51 

5 

} 3S 

5 

ll 





3- S-4S 

113 

.97 

5.S6 

9,000 

56 

54 

9 

1 ' 

3S 

! 1 

4 

2 

( 


30S 

29 



4- 2-47 


Bone marrow biopsy — tubercle formation. 

Streptomycin blood levels ranged from 2.5 to 5 y per 100 cc. 


Total days treated— 250. 
Total drug given — 659.6 Gm. 
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Other treatment consisted of: three blood transfusions of 500 ee. each of citrated blood 
given on March 0, 10, and 21, 1917; ferrous sulphate; and vitamin preparations. Two 
ec. of liver extract was given twice each week until April 21 , 1917. The only other drugs 
given were Seconal, 0.09 Gm. (Sodium-propyl-methyl-earbinyl-allyl-barbiturate) from 
February 27, 1947 to March 30, 1947, a total of 1.5 Gm., and phenobarbital, 0.09 Gm. 
Since March 1947 there has been no other medication with the exception of an occasional 
dose of milk of magnesia. 

Clinical course: The patient was very toxic and up to the time that streptomycin 
therapy was interrupted on the twenty-fifth day there had been no change in the tempera- 
ture or pulse. There had been slight clinical improvement, however, and his appearance 
was better, his appetite had improved, and there was slight roentgenological improvement 
(figure 2). 

During the sixteen day interval that the drug was withheld, the clinical condition of the 
patient; grew worse, cough and expectoration increased and appetite decreased. A 
roentgenogram, taken at this time, revealed a definite increase in the pulmonary infiltra- 
tion (figure 3). 

In view of the patient’s critical condition and the usually malignant nature of this type 
of tuberculosis, it was decided to roinstitnte streptomycin therapy, using the previous 
dosage. Moreover, by the end of the sixteen day interval without chemotherapy, a high 
percentage of granulocytes were present in the peripheral blood (table 1). Streptomycin 
was reinstituted on April 12, 1947 and was followed by a gradual improvement in the 
patient’s condition. On May 2$, 1947 lie developed an infection in the right antrum, 
associated with marked facial swelling and tenderness over this area. Penicillin therapy 
was started in addition to the streptomycin and within forty-eight hours the swelling and 
pain had completely disappeared. It should be noted that the added infection caused an 
appreciable elevation in the total leucocyte count with very little change in the percentage 
of granulocytes. 

Improvement of the status of the tuberculosis continued, there was a weight gain of 
30 pounds and during the six months after the cessation of streptomycin he had had no 
constitutional or local symptoms. 1 

The drug was given for a period, perhaps well beyond its benefits, but at that time 
experience in the streptomycin treatment of miliary tuberculosis was limited and the 
possibility of late relapse was well recognized. 

In rilro studies of the streptomycin resistance of the patient’s organisms could not be 
carried out as it was impossible to culture the tubercle bacilli. Obviously the infection 
was still very sensitive to the drug, however, even after twenty-five days of streptomycin 
treatment, as shown by the observed improvement when the drug was readmiuistered. 

Slight renal irritation, as indicated by occasional cylinduria, albuminuria and minimal 
azotemia were present, but disappeared completely after the cessation of chemotherapy. 
Very slight vestibular dysfunction was noticed for about the first three months of therapy, 
but numerous audiometric examinations revealed no abnormal findings. 

COMMENT 

Although miliary tuberculosis is recognized as being one of the etiological 
factors in leukopenia (3), the writer has never seen a case when leukopenia has 
been this marked or has been accompanied by neutropenia of the extreme degree 
noted in this patient. 

: There has been no recurrence of the disease; patient remains in excellent condition. 



- 

b\uV\ ' vprc v - ■ J ~."~ -. 




659.6 Gtn- <• Aoukope 1 Jr 


si °* r ” uo ” o1 »c»w^ c : d ” aw •» 

the ~" 
the 


- “ 1 ss. irsss* 4 w 

sr>- toiww 



A GRANULOCYTOSIS DURING STREPTOMYCIN THERAPY 


323 


drug allergy in relation to agranulocytosis states that in some patients in whom 
agranulocytosis or severe leukopenia has been attributed to sulfonamides (4a) 
or thiouracil (4b), the same drug has been subsequently tolerated without any 
reaction. 

During the past five months, frequent total leucocyte counts (not all recorded) 
have been normal. The total leucocyte count has ranged from 8,500 to 10,000 
cells per cu. mm. with normal percentages of the various cell types. 

Studies of the bone marrow, unfortunately, were not satisfactory, but examina- 
tion of a specimen obtained by bone marrow biopsy on April 2, 1947 revealed the 
presence of tubercle formation and hence confirmed the diagnosis of generalized 
miliary tuberculosis. 

Although the initial sputum examination was positive for acid-fast bacilli on 
direct examination, the organisms failed to grow on culture. Numerous cultures 
of sputum and fasting gastric contents obtained subsequently have all been 
negative. The virtually normal roentgenographic findings one year after ad- 
mission may be seen in figure 4. At the time of writing the patient is asympto- 
matic and fully ambulatory. 


SUMMARY 

A case of miliary tuberculosis in which leukopenia and agranulocytosis ap- 
peared during streptomycin therapy is reported. The total amount of drug given 
up to the time of the agranulocytosis was 76.6 Gm. within a period of twenty- 
five days. At the height of the reaction no neutrophils could be detected on one 
examination of the blood and in five successive examinations the total neutrophil 
percentages were: one, one, two, and three in that order. When streptomycin 
therapy was interrupted, the patient became worse, as evidenced b} r an increase 
in symptoms and pulmonary infiltration, but there was a return of circulating 
neutrophils. Streptomycin therapy was re-established after an interval of 
sixteen days in the same daily dose (3.0 Gm.) as was used before the agranu- 
locytosis. No further toxicity was noted and there was gradual clinical im- 
provement. The patient has been completely asymptomatic for six months 
following the cessation of therapy. 

It is believed that the marked neutropenia represented a toxic reaction to 
streptomycin (presumably allergic in nature) and was not merely a consequence 
of the generalized hematogenous tuberculosis. 

SUMARIO 

Caso de Granulia con Leucopcnia y Agramdocitosis 

1. El caso comunicado es de un enfermo con granulia que manifestd leucopenia 
y agramdocitosis durante una reaccion de hipersensibilidad a la estreptomicina. 

2. La dosis total de estreptomicina para la feclia en que aparecio la agranu- 
locitosis era de 76.6 Gm., administrados durante un perfodo de 25 dfas. 

3. A1 interrumpirse la estreptomicinoterapia, la agramdocitosis desaparecio. 
pero la tuberculosis avanzo, segun demostraron el aumento de los sfntomas y la 
extension de las infiltraciones pulmonares. 





A DIRECT METHOD OF STANDARDIZING DILUTE SUSPENSIONS OF 
TUBERCLE BACILLI BY USE OF A CAPILLARY MICROPIPETTE 1 

WILLIAM D. CRANDALL 

INTRODUCTION 

The precision of methods used in standardizing bacterial suspensions lias been 
limited by the difficulty of resolving two chief sources of error: (a) the irregular 
dispersion of bacteria in fluids or in direct smear preparations; (b) the variability 
involved in computing densities of the order of fifty thousand to one billion 
organisms per cc. on the basis of small numbers of organisms visualized in small 
fractions of a limited number of small aliquots of the suspension, i.e., the “Mi- 
croscope Factor” of Frost (1). 

The following investigation was undertaken in an effort to point out the 
limitations of the present methods and to devise a method permitting more 
precise standardization of dilute bacterial suspensions (those containing less 
than fifty million cells per cc.) by reducing the above mentioned sources of error. 

Bacterial suspensions are widely used as vaccines, in serologic reactions, and 
in the investigation of the properties of bacteria as regards growth, electrical 
potentials, et cetera. Although in practice concentrations of bacteria are 
measured indirectly by reference to dry or moist weight (2), volume of centri- 
fuged organisms (3), opacity (4 to 8), or density (9, 10), these methods in turn 
must be standardized by direct methods. 

The chief direct methods are: colony counts of dilution plating, chamber 
counts, and counts of bacteria in stained smear preparations. Colony counts 
refer to viable cells. The minimal coefficient of variation of the dilution plating 
method has been postulated to be ±6.6 per cent (11). The main sources of error 
are well known (1, 12, 13). The wide range of variation in colony counts by 
plating methods in the case of the tubercle bacillus has been demonstrated by 
many investigators (6, 14 to 18). 

Chamber counts to determine the concentration of tubercle bacilli were intro- 
duced in 1891 (19). Notable improvements in this method have been the use 
of a counting chamber with a well depth of 0.02 mm. by Mallory and Wright 

(20) , the use of bacterial stains (20), the application of darkfield illumination 

(21) , and finally the use of a chamber with a well depth of 0.01 mm. (22). Al- 
though Blumenberg (23) claimed an error of 1.2 per cent of the average count 
with a suspension of approximately 232 million organisms per cc., the error of 
this method has been considered to be between 5 and 10 per cent of the average 
count with suspensions of more than 50 million cells per cc. (7, 12, 20, 22), 
(table 1). 

With suspensions of less than 50 million cells per cc. the error has been found 
to be about 50 per cent of the average count (12). This large degree of error is 
understandable in view of the fact that one optical field with the 0.02 mm. depth 

1 From the Department of Medicine, University of Chicago, Chicago, Illinois. 
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WILLIAM D. CRANDALL 


OBSERVATIONS 

In order to determine the variabilit}’- of aliquots from consecutive 5 mm. 
segments of the pipette as compared to the variability of aliquots delivered from 
the same segment of the pipette, a suspension of tubercle bacilli with a computed 
density of about 593,000 cells per cc. was used. Twelve aliquots of 0.23 cu. 
mm. size were delivered from consecutive segments of the pipette and twelve 
from the same segment of the pipette. It was noted that the former method 
was much more easily and rapidly accomplished than the latter. The droplets 
were delivered onto serum spread slides, air dried, beat fixed, and Ziehl-Neelsen 
stained. The variability of the counts is shown in table 2. 

In order to determine the variability of aliquots of 0.23 cu. mm. size as com- 
pared with aliquots of 0.46 cu. mm. size, a suspension of tubercle bacilli with a 

TABLE 2 


Influence of mode of deliver!/, size of aliquot and error of counting on the variation of counts 


EXPERIMENT 

DENSITY OP 
susrENsroN 
IN CELLS/CC. 

NTJMDEB OP 
SAMM.ES 

MEAN 

COUNT 

STANDARD 
DEVIATION 
OP MEAN (±) 

COEPriCIENT 
OP VARIATION 

1. Consecutive segments 

593,000 

12 

136.6 

15.8 

fer cent 

11.6 

Single segment 

593,000 

12 

149.5 

21.5 

14.4 

2. 0.23 mm. 5 aliquots 

744,000 

10 

170.7 

27.13 

15.9 

0.46 mm. 5 aliquots 

744,000 

10 

357.5 

20.50 

5.7 

3. Duplicate counting: 

(a) Pneumococcus vaccine: 






First count 

550,000 

20 

125.0 

14.98 

11.98 

Second count 

550,000 

20 

12S.4 

13.57 

10.57 

Error in counting = ±6.94 (5.48 per cent of the mean of the 40 counts) 

(b) Tubercle bacilli: 






First count 

640,000 

20 

14S.0 

20.03 

13.5 

Second count 

640,000 

20 

146.5 

20.05 

13.7 

Error in counting = ±5.47 (3.71 per cent of the mean of the 40 counts) 


computed density of about 744,000 cells per cc. was used. Ten aliquots of 0.23 
cu. mm. and ten aliquots of 0.46 cu. mm. size were studied. The larger aliquots 
showed a much smaller variability, as shown in table 2. 

The error of counting was determined by the following procedures. Thirty- 
seven 0.23 cu. mm. aliquots of a pneumococcus vaccine, diluted 4,800 times in 
saline containing 0.15 per cent formalin, were delivered, air dried, gram stained 
and counted. The results showed a mean count of 126.5 organisms per aliquot 
with a standard deviation of ±15.16, i.e., a coefficient of variation of 12 per 
cent. The density was computed to be about 550,000 cells per cc. in the diluted 
vaccine. Twenty of these aliquots were counted twice and the error of counting 
was determined as the square root of the sum of the squares of the differences 
between the duplicate counts divided by twice the number of pairs, i.e., ±6.94 
or 5.48 per cent of the mean of the forty counts (table 2). 

Twenty 0.23 cu. mm. aliquots of a suspension of tubercle bacilli with a com- 
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puled density of about 640,000 cells per cc. were studied in like manner. The 
error in counting, estimated by the same procedure, was ±5.47 or 3.71 per cent 
of the mean of the forty counts (table 2). 

A study was made of the range of variability ns related to the density of the 
clump-free suspensions of tubercle bacilli in dilute formalin (0.08 to 0.2 per cent 
in distilled water). These counts were made on aliquots of 0.23 cu. mm. size 
and the densities were computed on the basis of the counts. As may be seen 
in table 3, very dilute suspensions with 75,000 tubercle bacilli per cc. or less 
showed a great variability in the bacterial content of the 0.23 cu. mm. aliquots. 
With suspensions containing from 350,000 to 850,000 tubercle bacilli per cc., 
the variability of the bacterial content was much less. In this range of density 
the maximum coefficient of variation of 15.9 per cent is much less than the 50 
per cent error reported to be present with counting chamber determinations of 
suspensions containing less than 50 million cells per cc. Moreover, the range 
of the coefficient of variation from 8 to 16 per cent compares favorably with that 


TABLE 3 

Variation in counts as related to the density of the cell suspensions 


DESSITV or SDSTEKSIOXS IX CEIiS/cC. 

xcudec or 0.23 

1IU.* 5AiOT.ES 

1 | 

UEAK NO. CXU.S PER 
0.23 u*. 1 

STAKE AID DEVIATION’ 
Or DEAN (±) 

COEFFICIENT OF 
VARIATION 

14,000 to 40,000 

II 

12 

6.25 

2.93 

per cent 

46.9 

34,000 to 75,000 

10 

12.45 

4.6S 

37.6 

374,000 to 435,000 

12 

93.00 

6.99 

7.53 

362,000 to 477,000 

12 

95.75 

12.5 

13.05 

52G.000 to 661,000 

12 

136.6 

15.84 

11.6 

54S.000 to 730,000 

20 

14S.0 

20.03 

13.5 

626,000 to SGI, 000 

10 

1 

170.7 

27.13 

15.9 


found in Breed-smear counts of suspensions with from one to four million cells 
per cc. 


SUMMARY 

1. The principal direct methods of standardizing bacterial suspensions have 
been briefly discussed in regard to their limitations and degrees of precision. 

2. A modification of the Linderstrom-Lang pipette has been described together 
with details of its operation and a method of using it to make small smear prepa- 
rations of bacterial suspensions. 

3. Experiments with a capillary micropipette having a uniform bore through- 
out its working length of 6 cm. indicate that delivery of twelve aliquots through 
successive 5 mm. segments can be accomplished with much greater speed than 
can be obtained by refilling the pipette to the same place and delivering from 
the same 5 mm. segment each time. Moreover, this method of consecutive 
deliveries did not increase the variability of the bacterial counts on these ali- 
quots. 
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4. By counting nil the bacteria in a stained droplet smear of the bacterial 
suspension, the errors involved in counting limited numbers of fields in stained 
smears with irregularly distributed organisms are avoided. Total counts of 
the organisms in a smear of a 0.23 cu. mm. aliquot require fifteen to twenty 
minutes with the optical system used. A microscopic factor of only 4,348 is 
used to convert the count to organisms per cc. of the suspension. If aliquots of 

0.46 cu. mm. are used, thirty to forty-five minutes are required for counting, 
but the microscopic factor is reduced to 2,174. By counting ten of the 0.23 cu. 
mm. aliquots, with three and one half hours counting time, the factor may be 
reduced to 435. 

5. The error of counting the organisms in a 0.23 cu. mm. aliquot was found to 
be 5.48 per cent of the mean count with smears containing about 130 pneumo- 
cocci each; and 3.71 per cent with smears containing about 150 tubercle bacilli 
each. 

6. Preliminary experiments with this method indicate that the coefficient of 
variation of counts of suspensions of tubercle bacilli containing between 350,000 
and 850,000 organisms per cc. is less (8 to 16 per cent) than with suspensions 
containing 75,000 or less organisms per cc. (3S to 47 per cent). Moreover, the 
coefficient of variation of these counts is less when aliquots of 0.46 cu. mm. are 
used (5.7 per cent) than when aliquots of 0.23 cu. mm. are used (15.9 percent). 

CONCLUSIONS 

The direct microscopic counting of organisms in droplet-size stained smears of 
known small volumes of suspensions delivered by means of a capillary micro- 
pipette is presented as a method of standardizing dilute suspensions of bacteria. 

The method may be compared favorably with existing methods as to sim- 
plicity, inexpensiveness, speed and precision. 

Preliminary studies indicate that this method may be used to standardize 
dilute suspensions of bacteria with a precision at least equal to that of the 
Breed-smear technique and greater than that of the chamber-counting methods. 

SUMARIO 

Ticnica Dirccta para Estandardizar por medio de una Micropipeta Capilar las 
Suspensiones Diluidas de Bacilos Tubercidosos 

1. Anallzanse sucintamente, con respecto a sus limitaciones y precision, las 
principals tOcnicas directas para normalizar las suspensiones bacterianas. 

2. Descrlbese una modification de la pipeta de Linderstrom-Lang, junto con 
pormenores relativos a su empleo y un mOtodo para usarla en la preparation de 
pequeilos frotes de suspensiones bacterianas. 

3. Los experimentos realizados con una micropipeta capilar de un calibre 
uniforme de 6 cm. en todo su largo efectivo indican que puede obteneise la en- 
trega de doce partes alicuotas a travOs de segmentos sucesivos de 5 mm. con una 
velocidad mucho mayor que la obtenible rellenando la pipeta hasta la misma 
marca y vertiendo cada vez del mismo segmento de 5 mm. Ademas, esta tOcnica 
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de entregas consecutivas no acrecentd la variabilidad de las numeraciones bac- 
terianas en diclias partes allcuotas. 

4. Contando todas las bncterias en un frote en gotilla teiiido de la suspensidn 
bacteriana, evltanse los errores derivados de la cuenta de cantidades limitadas de 
campos en fotes teiiidos y en que los microbios estan distribuldos desigualmente. 
En un frote de una parte allcuota de 0.23 mm. 3 , Ia numeracidn total de los micro- 
bios consume de 15 a 20 minutos con el sistema dptico utilizado. Para convertir 
la numeracidn a gdrmenes por cc. de suspensidn, se emplea un factor microscdpico 
de no mds de 4,348. Si se usan allcuotas de 0.46 mm. 3 , se necesitan de 30 a 45 
minutos para la numeracidn, pero el factor microscdpico desciende a 2,174, y 
contando 10 de las allcuotas de 0.23 mm. 3 , con tres horas y media de numeracidn, 
puede bajar a 435. 

5. El error cometido al contar los gdrmenes en una parte alfcuota de 0.23 mm. 3 
resultd ser 5.48 por ciento de la formula media en los frotes que contenian unos 
130 neumococos cada uno; y 3.71 por ciento en los que contenian unos 150 bacilos 
tuberculosos cada uno: 

6. Los experimentos preliminares verificados con esta tdcnica indican que el 
coeficiente de variacidn en las numeraciones es menor (8 a 16 por ciento) en las 
suspensiones que contienen entre 350,000 y 850,000 bacilos tuberculosos por cc. 
que en las que contienen 75,000 o menos por cc. (38 a 47 por ciento). Ademas, el 
coeficiente de variacidn es menor cuando se emplean partes allcuotas de 0.46 
mm. 3 (5.7 por ciento) que con allcuotas de 0.23 mm. 3 (15.9 por ciento). 

CONCLUSIONES 

La numeracidn microscdpica directa de los gdrmenes en los frotes de tamano 
de gotillas teiiidos de pequenos volumenes de suspensiones entregadas por medio 
de una micropipeta capilar se presenta como tdcnica apropiada para estandardizar 
las suspensiones diluldas de bacterias. 

Esta tdcnica comp&rase favorablemente con las tdcnicas actuales en cuanto a 
sencillez, baratura, celeridad y precisidn. 

Los estudios preliminares indican que puede utilizarse esta tdcnica para nor- 
malizar suspensiones diluldas de bacterias con una precisidn por lo menos igual 
a la tdcnica de frotes de Breed y mayor que la de las tdcnicas baeteriomdtricas. 
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FACTORS AFFECTING THE SENSITIVITY IN VITRO 
TUBERCLE BACILLI TO STREPTOMYCIN 1 * •=■ 3 

ELIZABETH H. WILLISTON AND GUY P. YOUMANS 




INTRODUCTION 

The use of streptomycin as an adjunct in the treatment of tuberculosis and 
the emergence of strains of tubercle bacilli resistant to the drug in the patient 
raise the question of adequate laboratory tests for the detection of these resistant 
strains. The Dubos and Davis liquid Tween albumin medium (1) has been 
reported by Wolinsky and Steenken (2) as an “ideal one for determining strepto- 
mycin sensitivity of virulent human or bovine tubercle bacilli.” Smith (3) has 
suggested that turbidimetric measurements in Tween albumin medium provide 
an accurate method for measuring growth of M. tuberculosis in the presence of 
streptomycin. Fisher (4), however, first called attention to the marked dis- 
crepancy between the sensitivity to streptomycin of tubercle bacilli tested in 
Tween albumin medium and the sensitivity of bacilli tested in the modified 
Prosliauer and Beck medium enriched with serum, introduced by Youmans (5) 
and by Youmans and Karlson (6). 

Fisher (7) found that Tween 80 alone was responsible for as much as a thou- 
sandfold increase in the inhibitory power of streptomycin for tubercle bacilli. 
Glycerol exerted a similar action but to a lesser degree. Fisher recommended 
that a test medium for streptomycin sensitivity should consist only of a liquid 
synthetic medium enriched with plasma or serum. 

In view of the importance of detecting resistance to streptomycin of M. tu- 
berculosis and the lack of unanimity as to method among workers in the field, 
the following studies were undertaken. 


MATERIALS AND METHODS 

The Tween albumin medium (1) as used by Steenken (S) has the following composition. 


KH 2 PO< 1.00 Gm. 

NnjHPCL — 12 HjO 6.25 Gm. 

Sodium citrate — 2 H»0 1.50 Gm. 

MgSO« — 7 HjO 0.60 Gm. 

Glucose 2.00 Gm. 

Asparagin 2.00 Gm. 

Distilled IijO 1,000.00 ml. 

pH 7.00 


1 From the Department of Bacteriology, Northwestern University Medical School, 
Chicago, Illinois. 

= Presented in part at the 44th Annual Meeting of the National Tuberculosis Association, 

New York, New York, June 16, 1948. _ 

3 This investigation was supported in part by a research grant from the Division of Re- 
search Grants and Fellowships of the National Institute of Health, U. S. Public Health 
Service. 
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These are autoclaved at 10 lbs. for 20 minutes before the addition of: 

0.2 Gm. 
0.5 Gm. 


Vegex — 
Tween 80 


The Vegex and the Tween SO are autoclaved separately in 10.0 per cent aqueous solution 
at 10 lbs. for twenty minutes, and are added aseptically to the medium. Finally, bovine 
albumin (Fraction V) is mixed with saline to form a 10 per cent solution, inactivated at 55° 
for thirty minutes, sterilized by Berkefeld filtration, and then added aseptically to the 
above medium to give a final concentration of 0.2 per cent. 

The serum-synthetic medium (6) (Modified Proskauer and Beck) is composed of the fol- 
lowing ingredients: 


Asparagin . . . . 

KII-PO, 

K s SO« 

Glycerol 

Distilled II -O 


5.0 Gm. 
5.0 Gm. 
0.5 Gm. 
20.0 Gm. 
1,000.0 ml. 


The pi I is adusted to 7.0 with 40 per cent sodium hydroxide and then magnesium citrate, 
1.5 Gm., is added. 

The solution is autoclaved at 15 lbs. for twenty minutes and sufficient filtered sterile 
serum (human, bovine, or horse) is added to make a final concentration of 10 per cent. 

The two media were dispensed respectively in 100 or 200 ml. volumes to fourteen flasks 
where the appropriate amounts of streptomycin were added to all but one flask. The 
streptomycin (streptomycin hydrochloride) was dissolved in 0.01 molar phosphate buffer 
pH 7.0 and so added to make a final concentration in the flasks of media of: 1,000, 500, 100, 
50, 25, 12.5, Q.25, 3.125, 1.5G, 0.78, 0.39, 0.195, and 0.095 y per ml. Finally, the media were 
dispensed in 5 cc. amounts to Pyrcx test tubes (20 by 150 mm.) and capped with aluminum 
caps. These tubes could be kept in the refrigerator four or five weeks without loss of strep- 
tomycin potency. 

The bovine alubmin (Fraction V) used throughout was obtained from Armour Labora- 
tories (Lots C1403 and G17G5). 

Tween 80 (Lot 5009) was obtained from the Atlas Powder Company from a lot recom- 
mended for bacteriological use. 


OBSERVATIONS 

Comparison of Ticccn Albumin Medium With Scrum-synthclic Medium 

The sensitivity to streptomycin of the cultures of tubercle bacilli was de- 
termined by inoculating equal amounts of the cultures into the thirteen strepto- 
mycin concentrations and the control. The inocula used consisted of either 0.1 
or 0.25 mg. wet weight of either a ground suspension or a seven day culture in 
Tween albumin medium. The same kind nnd amount of inoculum was employed 
in each case where comparisons were made. The tubes were incubated for 
twenty-eight days and examined at seven day intervals. The sensitivity to 
streptomycin of the culture was defined :ls the least amount of streptomycin 
which completely inhibited growth. 

Most strains of M, tuberculosis, grew so rapidly in both of the above media 
that readings could bo made at the end of seven days. With some cultures, 
growth appeared upon further incubation in some of the concentration' of strep- 
tomycin in which growth had not l>een visible earlier. 
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In table 1 may be seen the sensitivity to streptomycin of 66 recentfy isolated 
strains of tubercle bacilli at the end of fourteen days of incubation. A twofold 
difference in sensitivity between strains was considered to be within the limits 

TABLE 1 

A comparison of the sensitivity to streptomycin of the 66 strains of tubercle bacilli on 
scrum-synthetic medium and Tween albumin medium 


SENSITIVITY TO STSErTOlIYCTN APTES TOOTTEEN DAYS 01 ZNCODATION* 


Strain Number 

Serum-synthetic 

Medium 

Tween Albumin 
Medium 

Strain Number 

Scrum-synthetic 

Medium 

Tvrccn Albumin 
Medium 

129 

>1,000 

>1,000 

ISO 

50 

12.5 

112 

>1,000 

>1,000 

191 

12.5 


175 

>1,000 

>1,000 

173 

1.56 


178 

>1,000 

50 

176 

6.25 

HLH 

195 

>1,000 

6.25 

188 

6.25 

0.095 

103 

>1,000 

>1,000 

184 

3.12 

0.19 

106 

>1,000 

>1,000 

185 

3.12 

0.19 

111 R 

>1,000 

100 

198 

3.12 

0.39 

197 

>1,000 

>1,000 

207 

3.12 

0.095 

200 

>1,000 

>1,000 

160 

1.56 

0.19 

201 

>1,000 

>1,000 

189 

1.56 

0.095 

202 

>1,000 

>1,000 

196 

1.56 

0.19 

203 

>1,000 

>1,000 

15 

1.56 

0.095 

205 

>1,000 

>1,000 

206 

1.56 

0.19 

208 

>1,000 

>1,000 

211 

1.56 

0.39 

210 

>1,000 

>1,000 

212 

1.56 

0.39 

177 

1,000 

500 

165 

0.78 

0.19 

192 

1,000 

25 

166 

0.78 

0.19 

193 

1,000 

25 

167 

0.78 

0.19 

95 

1,000 

25 

168 

0.78 

0.19 

23 R 

1,000 

50 

169 

0.78 

0.19 

187 

100 

3.125 

170 

0.7 S 

0.19 

194 

500 

25 

171 

0.78 

0.19 

58 

500 

25 

172 

0.78 

0.19 

73 

500 

12.5 

174 

0.78 

0.19 

128 

500 

25 

186 

0.78 

0.095 

24 R 

500 

12.5 

H 37 Rv 

0.78 

0.19 

69 R 

500 

25 

6 

0.78 

0.095 

100 R 

500 

12.5 

209 

0.78 

0.095 

121 

500 

25 

107 

0.39 

0.19 

97 R 

500 

G .25 

182 

0.39 

0.19 

204 

500 

12.5 

183 

1.56 

0.19 

213 

500 

50 

190 

0.39 

0.095 


* In y per ml. 


of error of the method. Fifty of the 66 cultures tested showed a resistance to 
streptomycin 4 to 160 times greater in the serum-synthetic medium than in the 
Tween alb um in medium. Similar differences were observed after twenty-eight 
days of incubation. This discrepancy is similar to that reported by Fisher (4, 7) 
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and was attributed by him to tbe enhancement of the action of streptomycin by 
Tween 80. 

Comparable streptomycin sensitivities in the two media were observed for 16 
of the 66 strains. In both media, 13 of .these 16 strains had a sensitivity to 
streptomycin greater than 1 ,000 y per ml. , the maximum amount of streptomycin 
used in the tests. If tubes had been used containing higher concentrations of 
streptomycin, it is possible that a discrepancy between the results of the strep- 
tomycin sensitivity tests with these organisms in the two media might have been 
revealed. 

Before exploring the reason for the differences observed, however, it seemed 
advisable to investigate the role played by the size and type of inoculum em- 
ployed in the tests. 

Inoculum 

The type of inoculum proposed (2) for streptomycin sensitivity tests in Tween 
albumin medium is a culture of tubercle bacilli grown in this medium for two 
seven day culture generations in order to ensure a well dispersed culture. The 
inoculum is then standardized by turbidimetric methods. 

The inoculum originally proposed for the serum-synthetic medium is prepared 
by mechanically grinding the growth of tubercle bacilli obtained from solid 
media (6); determining the wet weight of cells per ml. by centrifugation in a 
Hopkins vaccine tube; and finally, diluting with 0.01 molar phosphate buffer to 
obtain the desired concentration of cells. 

In the present study, the amount of growth in a seven day old culture of Tween 
albumin medium was also determined by centrifugation in Hopkins vaccine tubes. 
If this procedure indicated the presence of more tubercle bacilli than desired for 
any given test, the appropriate dilution was made with Tween albumin medium. 
If the culture had too few cells, it was incubated one or two days longer, and 
then restandardized. 

The following tests were carried out to determine the effect of the nature of 
the inoculum, using 8 strains of tubercle bacilli, and of the amount of the in- 
oculum, using 10 strains of tubercle bacilli. 

Bacterial suspensions were prepared from Herrold’s (9) egg yolk agar medium 
cultures and 0.25 mg. of each was suspended in 0.2 ml. of buffer solution. The 
suspensions were then delivered to each of the thirteen tubes of serum-synthetic 
medium forming the series of streptomycin concentrations, and to the controls. 
The Tween albumin cultures were standardized, and 0.25 mg. of these cells in 
0.1 ml. Tween albumin medium was delivered to each of the thirteen tubes 
of serum-synthetic medium, and to the controls. After both sets of cultures had 
been incubated for fourteen days, the sensitivity to streptomycin obtained with 
the two types of inoculum was found to be the same. The tests were repeated 
with the same two types of inoculum, but with Tween albumin as the medium 
for the sensitivity test. In these tests also the streptomycin sensitivities were 
not affected bj 7, the kind of inoculum used. It should be mentioned that diffuse 
growth was obtained in the Tween albumin medium when a suspension prepared 
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b} r grinding was used as an inoculum as well as when suspensions obtained from 
growth in the Tween albumin medium were used as inocula. 

Therefore, whatever ingredients might be responsible for the discrepancy pre- 
viously observed between the streptomycin sensitivities in the two media, they 
do not occur in sufficient amount in the menstrua used for the inocula to affect 
the results. 

One of the writers has previously reported (5) that within certain limits the 
size of the inoculum does not alter significantly the streptomycin sensitivity of 
the H37Rv strain in serum-synthetic medium. Further experiments on the 
effect of the size of inoculum were carried out as follows. 

The inoculum was prepared from organisms grown in Tween alb umi n medium 
and separate tests were conducted with each of the 10 strains, using 0.25 mg., 
0.1 mg. and 0.01 mg. of tubercle bacilli as inocula. Tween albumin and serum- 
synthetic media were inoculated. 

With all strains, both the 0.25 mg. and 0.1 mg. inocula gave the same results 
in serum-synthetic medium. The results in Tween albumin medium using the 
above inocula were similar to each other although, as previousty noted, they 
differed from those in serum-synthetic medium. 

With an inoculum of 0.01 mg., however, the sensitivity to streptomycin of the 
cultures of tubercle bacilli was greater at fourteen days than with either the 0.25 
mg. or the 0.1 mg. inoculum. After twenty-eight days of incubation, however, 
the streptomycin sensitivities were the same regardless of the size of the inoculum. 
This was true in both serum-synthetic and Tween albumin medium, except for 
a few strains which had a sensitivity to streptomycin greater than 1,000 y per 
ml. These grew well in seven days in all tubes regardless of the size 
of the inoculum. 

Within the limits set by the above experiments, the size or nature of the in- 
oculum did not affect the sensitivity of tubercle bacilli to streptomycin. 

Factors Responsible for the Discrepancy between Sensitivity of Tubercle Bacilli 
to Streptomycin in Tween Albumin and Serum-synthetic Media 

Fisher (7) has reported that the discrepancy observed between the results of 
streptomycin sensitivity tests when carried out in Tween albumin medium and 
in serum-synthetic medium results primarily from the fact that Tween 80 
increases the bacteriostatic effect of streptomycin. He also observed that glyc- 
erol had a similar action, but to a lesser degree. 

As streptomycin assays of the two media using Romansky’s method 
(10) showed that the streptomycin was not reduced in potency in either medium, 
the following studies were undertaken. 

Six different modifications of the two media were prepared: 

(S) Synthetic medium without glycerol or serum; 

(SG) S + 2 per cent glycerol; 

(SS) S + 10 per cent serum; 

(SGS) S + 10 per cent serum + 2 per cent glycerol; 

(DA) Dubos medium without Tween 80 but with 0.2 per cent albumin; 

(DTA) DA + 0.05 per cent Tween 80 
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Eighteen strains of tubercle bacilli were used for testing the four modifications 
of the serum-synthetic medium. An inoculum (0.25 mg.) of each of the strains, 
prepared by grinding, was delivered respectively into tubes of each of the four 
media (S, SG, SS, SGS) containing the 13 concentrations of streptomycin pre- 
viously employed. These tubes were incubated for twenty-eight days and ex- 
amined every seven days. 

In table 2 may be seen] the sensitivity to streptomycin of each of these strains 
when grown for two weeks in the four modifications of the serum-synthetic 
medium. 

TABLE 2 

A comparison of the sensitivity to streptomycin* of strains of human type tubercle bacilli 
when grown in various modifications of scrum-synihelic medium and Tween albumin 

medium 


TYPE OP WED roll 


STRAIN 



S 

SG 

SS 

SGS 

DA 

DTA 

165 

0.39 

0.39 

0.78 

0.78 

0.78 

0.19 

173 





3.125 

0.39 

H37Rv 

0.78 

1.56 

1.56 

1.56 

1.56 

0.39 

H37RvR 

>1,000.0 

>1,000.0 

>1,000.0 

>1,000.0 

>1,000.0 

>1,000.0 

200 

50.0 

1,000.0 

1,000.0 

1,000.0 

500.0 

1,000.0 

204 

25.0 

100.0 

500.0 

500.0 

500.0 

50.0 

207 

0.78 

0.39 

3.125 

6.25 

1.56 

0.39 

192 

500.0 

1,000.0 

1,000.0 

1,000.0 

500.0 

50.0 

17S 

500.0 

500.0 

1,000.0 

1,000.0 

1,000.0 

50.0 

196 

N.G. 

0.39 

100.0 

50.0 

1.56 

0.095 

170 

0.095 

0.19 

0.78 

0.78 



182 

0.19 

0.39 

0.78 

1.56 



183 

0.095 

0.39 

1.56 

1.56 



209 

0.095 

0.095 

0.39 

0.39 



185 

0.095 

0.78 

3.125 

3.125 



167 

0.095 

0.39 

0.78 

0.78 



15 

0.095 

0.19 

0.78 

0.78 



188 

N.G. 

0.19 

3.125 

6.25 



212 

N.G. 

0.19 

0.39 

0.39 




N.G. = no growth in any tube. 
* In y per ml. 


Effect of glycerol: Of the 18 strains tested, 10 after 14 days of incubation showed 
the same sensitivity to streptomycin in the basic synthetic medium with glycerol 
(SG) as in the medium without glycerol (S), (table 2). Five strains were more 
resistant in the presence of glycerol. No conclusions could be drawn concerning 
the 3 strains which failed to grow in fourteen days in the medium without glyc- 
erol. 

The effect of glycerol in the presence of serum was determined by comparing 
the streptomycin sensitivities in the medium SGS with those in SS (table 2). 
The results were the same for all strains in both SGS and SS. Thus, the effect 
of glycerol alone, noted above, was not apparent in the presence of serum. 
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Effect of serum: The amount of growth, of all strains in the control tubes was 
greater with serum than without. Three of the 18 strains did not grow in the 
basic synthetic medium without the serum after fourteen days of incubation. 
The effect of adding serum to the basic medium on the sensitivity of the remain- 
ing 15 strains to streptomycin may be seen by comparing SS with S in table 2. 
Ten strains were more resistant to streptomycin (4- to 32-fold) in the presence of 
serum. The remaining five gave similar results in the presence or absence of 
serum. The sensitivity to streptomycin of 10 strains was also decreased when 
serum was added to medium containing glycerol (SG compared with 
SGS, table 2). 

Effect of Tween SO: Ten of the strains used for testing the ingredients of the 
serum-synthetic medium were also employed for the tests with the Tween al- 
bumin medium. 

In table 2 may be seen the sensitivity to streptomycin of the ten strains in the 
Dubos medium plus albumin only (DA) and in the Dubos medium plus Tween 
and albumin (DTA). 

The effect of Tween 80 on the inhibiting action of streptomycin is seen with S 
of the 10 strains and is lacking with only the 2 strains of a resistance greater than 
the streptomycin concentrations employed. The potentiation is from 4- to 20- 
fold -with these particular strains. This is even more apparent if the results ob- 
tained with the 10 strains in SGS and DA are compared (table 2). With the 
exception of strain 196, the results in these two media are the same. Strain 196 
did not give consistently similar results when sensitivity tests were repeated. 
This may be a reflection of the ease with which it produces streptomycin-resistant 
variants (11). 

Although growth of the tubercle bacilli is frequently not as rapid, albumin 
can be used as a substitute for serum when preparing media for streptomycin 
sensitivity tests. 

These results clearly confirm those of Fisher (7) that Tween 80 is the agent 
primarily responsible for the discrepancies observed between the results of strep- 
tomycin sensitivity tests in Tween albumin and serum-synthetic medium. 

Effect of Amount of Tween 80 on the Bacteriostatic Action of Streptomycin 

Batches of Tween albumin medium were prepared containing 0.05, 0.04, 0.03, 
0.02, 0.01, 0.005, 0.003, 0.001 and 0.0005 per cent Tween 80, respectively, and 
streptomycin was incorporated in each in the same concentrations previously em- 
ployed. Using 0.25 mg. of eight to ten day cultures of 6 strains of M. tuberculosis 
in Tween albumin medium as an inoculum, the nine series above were planted 
and incubated for fourteen days. As the inoculum itself was suspended in 0.1 
ml. of 0.05 per cent Tween 80, the total Tween concentration in any one tube 
■was increased by 0.001 per cent. Table 3 shows the sensitivity to streptomycin 
of the 6 strains grown in these media, and in serum-synthetic medium. 

The cultures in the 0.05 per cent Tween SO series of streptomycin dilutions 
■were all well dispersed when the tubes were shaken after two weeks of incubation. 

In tubes with less Tween the degree of dispersion was less constant. For each 
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strain there was a critical concentration of Tween SO below which the amount, of 
dispersion observed in the Tween albumin medium containing 0.05 per cent 
Tween did not occur. The sensitivity to streptomycin also was not the same 
in all the concentrations of Tween SO. As the amount of Tween SO was dimin- 
ished, the sensitivity to streptomycin became progressively less. For each 
strain, however, there was a point where further decrease in the amount of Tween 
SO produced no significant change in sensitivity to streptomycin. At this point, 
also, dispersion was no longer produced by the amount of Tween 80 present. 

TABLE 3 


Thr tfrei ef tif ecnrcnfrefiVn f/ Terror. tO tie rirtj'tsnyein trr.titirity* ar.d ditpmion c / tubercle bacilli 


crLTrrt 

a 

a | 




CnxtZKTtA 1 TJOM 

: or “rivr.tr: ID” is rn crrrr 



hTvm 

“ a 

SC 

0.051 

O.OIt 

0.031 

o.c:t 

0.011 

0.003 

0.033 

0.001 

0.002 

0.0013 

0.001 

ia 





a. 

4- 

HR 

Hi 

4. 

o. 


— 

Streptomycin 

l.M 

0.035 



0.033 

0.035 


wfe wSm 

0.33 

0.76 

0.33 

0.33 

wwltlvity 






1 

H 

i 





ITS 


+ 

4* 

4* 

4- 

4* 


4 - 

± 

— 

— 

— 

StrrptomyTin 

vOO 

53.0 

r. 3.0 

50.0 

».o 

».o 

50.0 

500.0 

£00.0 

£00.0 

KO.O 

1000 

reactivity 













its 


o. 

4* 

4- 

4- 

4- 

4- 


4* 



— 

Streptomycin 

3.11, 

0.033 

0.19 

0.15 

0.19 

0.19 

0.19 


0.33 

0.33 

0.7S | 

0.76 

reactivity 













1ST 


o. 

+ 

4- 


+ 

+ 

+ 

+ 

dr 

dr 

— 

Streptomycin 

1 M 

I.K 

l.M 

I.K 

3.12 

6.23 

0.23 

£0.0 

£0.0 

£0.0 

£0.0 

£0.0 

sensitivity 





i 

| 

I 







roi 


+ 

+ 

+ 

4- i 

+ ’ 

4- | 

+ 

+ 

— 

— 

— 

Streptomycin 

503 

zs.o 

25.0 

35.0 

a.o 


£0.0 

£0.0 

100.0 

100.0 

100.0 

100.0 

sensitivity 






Wm 
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4" 

+ 

+ 

4- 

B 


4* 

+ 

dr 

_ 

_ 

Streptomycin 

l.M 

0.033 

IBiMi'AI 

Em 

0.19 



0.33 

0.30 

0.33 

0.78 

0.78 

Mnsitivity 



I 

1 


HI 








4- " Dispersed crowth 
dr — Partially dispersed pwth 
— « No diapertion 
• In y per ml. 


Effect of Tween SO on Nonacid-fasl Organisms 

In view of the fact that the previous tests indicated a relation between the 
degree of dispersion produced by Tween 80 and the potentiating effect on the 
bacteriostatic action of streptomycin, an investigation was undertaken to de- 
termine whether bacteria which do not owe their dispersal to Tween 80 would 
show an increase in sensitivity to streptomycin in the presence of Tween 80. 
Eleven strains of nonacid-fast bacteria were chosen which grew unclumped in 
broth. These were: G strains of Staphyloccocus aureus, 3 strains of E. coli, one 
of E, lyphi, and one of A. aerogenes. Tubes of beef infusion broth containing 
streptomycin in concentrations varying from 40 y per ml. to no y per ml. (ten 
tubes) were prepared. A similar series was prepared, adding 0.05 per cent Tween 
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80 to the streptomycin broth. The inoculum for the streptomycin sensitivity 
tests with these organisms was 0.1 ml. of a 1 to 1 million dilution of a six hour 
culture of each strain. These streptomycin broths were inoculated with the test 
organisms, incubated, and inspected thereafter at twenty-four, forty-eight and 
seventy-two hours. The sensitivity to streptomycin of all strains was the same 
both in the presence and in the absence of Tween 80. 

Modified Dabos Formula 

McDermott and his associates (12) recommended the reduction of the Tween 
80 to 0.02 per cent and the increase of albumin to 0.5 per cent in the Dubos 
formula to e limin ate the potentiating effect of Tween 80. In the present studies 
this medium has been employed to test the sensitivity to streptom 3 r cin of 54 
strains of tubercle bacilli, and the results were compared with those obtained in 
serum-synthetic medium. Of the 54 strains tested, 33 were four- to eightfold 
more resistant in the serum-synthetic media than in the modified Tween albumin 
medium. Of the 21 which gave essentially the same sensitivity in the two media, 
ten showed in both media a streptomycin sensitivity greater than 1,000 y per 
ml. in both media. If the series had included concentrations of streptomycin 
greater than 1,000 y per ml., it is possible that with these strains also a discrep- 
ancy between the results in the two media might have been revealed. 

Dehydrated Media 

Two other types of liquid media which were tested were those dispensed in 
dehydrated form (L14725 and L54720) by Difco. These media contained the 
salts as described by Dubos and Davis (1) plus proteose peptone No. 3, Bacto 
yeast extract and Bacto casitone. The only difference between the two media 
was that one (L14725) contained 0.05 per cent Tween 80. These Difco bases 
were dissolved in distilled water, and autoclaved in 90 cc. amounts. To this 
broth were added 10 cc. of sterile serum, containing 7.5 per cent dextrose, also 
supplied by Difco. Streptomycin sufficient to give the concentrations previous^ 
employed was added to the two media. 

The sensitivity to streptomycin of 7 strains of tubercle bacilli was determined 
in the two Difco media and in serum-synthetic medium. The Difco medium, 
without Tween 80, gave results which were approximately the same as in the 
serum-synthetic medium. In the Difco medium containing Tween 80, however, 
there was a fourfold increase in the bacteriostatic action of streptomycin on 4 
of the 7 strains tested. 


Solid Media 

Pyle (13) called attention to the fact that cultures of tubercle bacilli were 
not homogeneous with regard to their sensitivity to streptomycin. Using plates 
of Herrold’s (9) glycerol egg agar medium containing different concentrations 
of streptomycin, she cultured M. tubercidosis from the sputum of patients who 
were to receive treatment with streptomycin. Pyle found that these cultures of 
tubercle bacilli were composed of cells which did not have a uniform sensitivity 
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to streptomycin. The same composite character existed in cultures taken during 
and after streptomycin treatment. 

A sensitivity test that would give some indication of the relative numbers of 
streptomycin sensitive and resistant organisms in a culture would be of great 
value. Liquid media, however, are unsuitable for this purpose. A solid medium 
would permit an estimation' of the relative amount of growth on the different 
concentrations of streptomycin. Moreover, such a medium might also be em- 
ployed -for the primary isolation and testing for sensitivity of tubercle bacilli to 
streptomycin in one process, thus reducing the time needed for the completion of 
the tests. 

Herrold's Medium: Herrold’s (9) glycerol-egg agar medium was prepared by autoclaving 
the nutrient agar base for thirty minutes in 150 ml. amounts and then adding a single egg 
yolk in a sterile manner after the agar had melted and been cooled to 50 C. 


Basic agar: Beef extract 3.0 Gm. 

Bacto Peptone 10.0 Gm. 

NaCl 50.0 Gm. 

Distilled HiO 1,000.0 ml. 

Agar 15.0 Gm. 

Glycerol 60.0 ml. 

pB[ 7.2 


The appropriate amount of streptomycin was added to each flask just after the addition 
of the egg yolk. Twelve to fifteen ml. amounts were then converted into slants in screw- 
top test tubes and allowed to harden. 

The inoculum for this series was prepared by growing cultures in Dubos 
medium for seven days, and then delivering 0.1 ml. (0.1 mg.) of this culture to 
each of the fourteen slants of Herrold’s medium containing different concentra- 
tions of streptomycin. The inoculum was allowed to flow over the slants, which 
were then incubated in a horizontal position. At the end of seven days, the 
growth on the egg slant was not abundant enough to make accurate readings 
possible. After fourteen days of incubation, most strains showed profuse growth 
on the tube with no streptomycin and on some of the lower concentrations of 
streptomycin. 

At this time (fourteen days) with streptomycin sensitive cultures, there was 
usually complete inhibition of growth in the higher concentrations of strep- 
tomycin. After four weeks of incubation, however, slight growth, consisting of 
one to several colonies, often appeared in one or two additional tubes containing 
concentrations of streptomycin two- to fourfold greater than the lowest concen- 
tration which had completely inhibited growth at fourteen days. 

In table 4 may be seen the sensitivity to streptomycin of the 95 strains tested on 
Herrold’s egg medium as compared with the results obtained with scrum-syn- 
thetic liquid medium. Seventy- five of these strains (77.7 per cent) were found to 
be equally sensitive on both media at the end of two weeks, i.c. there was no 
more than a twofold difference in the results, the error inherent in the method. 
It should be noted, however, that this slight discrepancy was consistently in the 



TABLE 4 

Comparison of results of streptomycin sensitivity tests in scrum-synihctic medium and 

Hcrrotd’s glycerol egg medium 


SENSITIVITY TO STREPTOMYCIN AFTER FOURTEEN DAYS OF INCUBATION* 


3 in Number 

Serum -svnthetic 
Medium 

15 

1.56 

69R 

100.0 

129 

500.0 

165 

0.39 

170' 

0.78 

1S1 

100.0 

1S2 

0.78 

183 

1.56 

187 

100.0 

1SS 

0.78 

189 

0.78 

196 

0.78 

197 

>1,000.0 

200 

>1,000.0 

202 

>1,000.0 

204 

500.0 

207 

3.125 

208 

>1,000.0 

209 

0.78 

210 

>1,000.0 

211 

0.19 

214 

3.125 

223 

1.56 

225 

0.78 

228 

3.125 

230 

500.0 

231 

0.78 

236A 

500.0 

244 

0.7S 

245 

25.0 

247 

100.0 

249 

12.5 

254 

6.25 

260 

3.125 

263 

0.78 

269 

3.125 

273 

.39 

274 

3.125 

294 

1.56 

299 

1.56 

314 

>1,000.0 

322 

1.56 

323 

6.25 

324 

1.56 

325 

1.56 

326 

1.56 

327 

6.25 

332 

3.12 


* In y per ml. 


Herrold’s 

Medium 

Strain Number 

3.125 

333 

100.0 

334 

>1,000.0 

335 

0.7S 

336 

1.56 

337 

25.0 

33S 

1.56 

339 

3.125 

341 

50.0 

342 

3.125 

343 

0.78 

344 

3.125 

345 

>1,000.0 

346 

>1,000.0 

347 

>1,000.0 

34S 

1,000.0 

349 

6.25 

350 

>1,000.0 

351 

3.125 

354 

>1,000.0 

355 

0.78 

356 

3.125 

363 

3.125 

366 

1.56 

373 

25.0 

394 

500.0 

395 

3.125 

396 

500.0 

39S 

1.56 

399 

25.0 

402 

1,000.0 

403 

12.5 

404 

6.25 

405 

3.125 

406 

3.125 

407 

3.125 

40S 

1.56 

409 

0.7S 

411 

3.125 

414 

6.25 

422 

>1,000.0 

425 

3.125 

430 

12.5 

438 

3.125 

439 

3.125 

442 

3.125 

477 

3.125 

47S 

1.56 



Serum-synthetic 

Medium 

HcrroM’s 

Medium 

>1,000.0 

>1,000.0 

25.0 

25.0 

>1,000.0 

>1,000.0 

6.25 

12.5 

>1,000.0 

>1,000.0 

100.0 

50.0 

>1,000.0 

>1,000.0 

500.0 

500.0 

>1,000.0 

>1,000.0 

50.0 

50.0 

1.56 

1.56 

1.56 

3.125 

1.56 

6.25 

0.78 

1.56 

1.56 

3.12 

1.56 

3.12 

0.7S 

1.56 

1.56 

3.125 

0.78 

3.125 

0.78 

1.56 

0.39 

1.56 

1.56 

3.125 

3.125 

6.25 

1.56 

6.25 

>1,000.0 

1 >1,000.0 

1.56 

1.56 

1.56 

3.125 

6.25 

6.25 

1.56 

3.125 

3.125 

6.25 

500.0 

500.0 

12.5 

25. 

>1,000.0 

>1,000.0 

1.56 

12.5 

12.5 

50. 

500.0 

500.0 

3.125 

6.25 

>1,000.0 

>1,000.0 

1.56 

6.25 

0.7S 

3.125 

500.0 

500.0 

1.56 

6.25 

1.56 

3.125 

500.0 

100.0 

25.0 

25.0 

>1,000.0 

>1,000.0 

>1,000.0 

>1,000.0 


34G 
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direction of a greater resistance on the egg slants. At the end of twenty-eight 
days of incubation, 78 strains (80.2 per cent) were found to be equally sensitive 
in the two media. Only 2 of the 95 strains, however, showed more than a four- 
fold difference in sensitivity on the two media at the end of four weeks of incuba- 
tion. 

Serum-synthetic agar medium: The addition of 1.5 per cent agar to serum- 
synthetic-streptomycin medium may also be used for determining streptomycin 
sensitivity. Fifteen strains were tested in this medium and the values obtained 
were compared with the results in serum-synthetic liquid medium. The results 
were the same in both media, but growth was somewhat slower in the agar 
medium. 

A third solid medium was prepared by adding agar to the synthetic medium 
without the addition of serum. The tubercle bacilli grew very poorly, however, 
and readings could seldom be made until the tubes had been incubated four 
weeks. 

Of the three solid media tested, the Herrold medium had the fewest disadvan- 
tages. The serum-synthetic agar required the addition of fresh serum, a tedious 
process. The synthetic broth plus agar was not sufficiently nutritious to provide 
enough growth to be read easily. 

Detection of Small Numbers of Streptomycin Resistant Tubercle Bacilli 

As the usefulness of a streptomycin sensitivity test may depend on the ability 
of the medium employed to detect the presence of a small number of resistant 
organisms in any culture isolated from a patient, the use of mixtures of sensitive 
and resistant organisms as inocula for streptomycin sensitivity tests was studied. 
H37Rv (streptomycin sensitive) and II37RvR (resistant to more than 1,000 y of 
streptomycin per ml.) were each grown in Dubos medium (0.05 per cent Tween) 
for one week, at which time 0.1 ml. of each culture contained approximately 
0.1 mg. wet weight of the bacterial cells. The cultures were shaken to give 
the maximum degree of dispersion. The resistant culture was diluted decimally 
with Tween albumin medium so that it could be combined in very small amounts 
with a fixed amount of the sensitive strain and used as inocula for streptomycin 
sensitivity tests. 

In these mixed cultures it was observed that the amount and the time of 
appearance of growth in the concentrations of streptomycin which completely 
inhibited growth of streptomycin-sensitive tubercle bacilli was proportional to 
the number of resistant organisms in the mixture. 

In table 5 may be seen the sensitivities to streptomycin of 6 such mixtures con- 
taining different relative numbers of sensitive and resistant organisms and grown 
in modified Tween albumin, in serum-synthetic and in Herrold’s egg medium. As 
may be seen in the table, the presence of a very small number of resistant organ- 
* isms in the inoculum influenced the results markedly. When as little as 0.001 
per cent (10 - ® mg.) of the total inoculum was resistant to streptomycin, growth 
occurred in all concentrations of streptomycin in all media. 

The amount of growth in the tubes of Herrold’s medium containing sufficient 
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streptomycin to inhibit growth of the sensitive organisms was, within certain 
limits, proportional to the number of streptomycin resistant organisms present. 
With 0.001 per cent (10~ G mg.) of streptomycin-resistant organisms in the mix- 
ture, only 2 to 11 colonies were present on each slant of Herrold’s medium at the 
end of fourteen days. With larger numbers of resistant bacilli, the growth was 
more confluent but much less in amount than on the control medium. A dif- 
ference could be detected in the amount of growth with as many as, but not more 
than, 1.0 per cent (10 — 3 mg.) of streptomycin-resistant tubercle bacilli in the 
mixture. These differences, however, tended to disappear as the time of incuba- 
tion was extended beyond fourteen days. 

In the liquid media these differences in the amount of growth were far more 
difficult to detect. 


TABLE 5 


Result of streptomycin sensitivity tests on mixtures of sensitive and resistant tubercle 
bacilli after 28 days of incubation 


MG. INOCULUM 

STSEPTOVYCIN SENSITIVITY OF UIXTDEE* 

H37Rv 

H37RvR 

Scrum -Sin the tic 
Medium 

Modified Tween 
Albumin Medium 

Hcrrold’s Egg Medium 

0 

10- 1 

> 1 , 000.0 

> 1 , 000.0 

> 1 , 000.0 

10- 1 

0 

1.56 

0.19 

1.56 

10- 1 

10-= 

>1,000.0 

>1,000.0 

>1,000.0 

10-‘ 

10~ 3 

>1,000.0 

>1,000.0 

>1,000.0 

10- 1 

10-‘ 

>1,000.0 

>1,000.0 

>1,000.0 

10" 1 

10-* 

>1,000.0 

>1,000.0 

>1,000.0 

10- 1 

10-* 

>1,000.0 

>1,000.0 

>1,000.0 

10-' 

10- 7 

1.56 

0.19 

1.56 

10-‘ 

10- 8 

1.56 

0.19 



* In 7 per ml. 


The most important conclusion to be drawn from these experiments is that 
cultures of tubercle bacilli may contain very few resistant organisms but under 
the conditions of the in vitro sensitivity tests may appear to be entirely composed 
of resistant tubercle bacilli. 


DISCUSSION 

The results of the present studies show that the sensitivity of cultures of 
tubercle bacilli to streptomycin in vitro is partially dependent on the composition 
of the culture medium employed. It has been reported by other investigators, 
Alture-Werber and Loewe (14), Wallace, Rhymer, Gibson and Shattuck (15), 
Green and Waksman (16), Donnovick and Rake (17), Lenert and Hobby (18), 
Hobby and Lenert (19) and Berkman, Henry and Housewright (20), that the 
sensitivity to streptomycin in vitro of other species of bacteria is also influenced 
by the composition of the culture medium. A variety of substances, including 
glucose, peptones, and serum tend to reduce the bacteriostatic action of strep- 
tomycin. While the mode of action of these agents is not clear, they may inter- 
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fcro in some manner with the bacteriostatic action of streptomycin. In the 
present experiments it is of interest that the two agents, glycerol and serum, 
which decreased the sensitivity of the tubercle bacilli to streptomycin, also 
stimulated the rate of growth. It should be pointed out that not all of the 
strains of tubercle bacilli employed showed a significant decrease in sensitivity 
to streptomycin in the presence of glycerol and serum, although growth was 
apparently stimulated. In a previous report (5) it was observed that the sensi- 
tivity of tubercle bacilli to streptomycin was not appreciably affected by the 
presence of serum in the medium. Only one strain (II37Rv) was tested in the 
presence of serum in that study and the streptomycin sensitivity of this strain is 
not significantly affected by serum. 

Tween SO, on the other hand, ns shown by Fisher (4), increased the bacterio- 
static action of streptomycin for tubercle bacilli and this effect was proportional 
to the concentration of Tween SO in the medium. Tween 80 has a similar 
potentiating effect on the tuberculostatic action of subtilin (21), Chloromycetin, 
certain synthetic organic compounds (22) and penicillin (23). The mechanism 
whereby Tween 80 increases the bacteriostatic action of streptomycin is not 
apparent from the data of the present study. It appears to be related to the 
surface active properties of the compound and maj r , as proposed bj* Iiirb 3 r and 
Dubos (23), permit a more intimate contact between the antibiotic and the 
bacterial cell. It is of interest that Tween SO did not increase the bacteriostatic 
action of streptomycin for nonacid-fast organisms, nor was it bacteriostatic for 
these organisms as it has been shown to be for tubercle bacilli (24). 

The variability in the sensitivity to streptomycin of tubercle bacilli under 
different conditions emphasizes the necessity for care in the selection of a medium 
for streptomycin sensitivity tests. The ideal medium would be one which du- 
plicated precisely the conditions which obtain in vivo. The original Tween al- 
bumin medium containing 0.05 Tween 80 and 0.2 per cent bovine albumin would 
appear to be unsuitable because of the marked potentiation of the bacteriostatic 
action of streptomycin by this concentration of Tween 80. The modification 
used by McDermott cl ah (12) , and by Sadusk and Swift (25), in which the con- 
centration of Tween 80 is reduced to 0.02 per cent and the bovine albumin is 
increased to 0.5 per cent, was more suitable as the increase in the bacteriostatic 
action of streptomycin is no more than four- to eightfold. The serum-synthetic, 
bovine albumin synthetic, and Difco dehydrated liquid media are free of Tween 
80, and such of these media as contain serum possibly simulate more closely the 
conditions present in vivo. 

All liquid media, however, possess other disadvantages. They do not readily 
permit the detection of streptomycin resistant variant cells (11), nor the deter- 
mination of the relative numbers of streptomycin sensitive and resistant organ- 
isms present in a culture of tubercle bacilli. Furthermore, liquid media are not 
as suitable for the determination of the sensitivity of tubercle bacilli to strep- 
tomycin at the time of primary isolation from the patient. 

A solid medium in which streptomycin could be incorporated would solve at 
least partially the above objections to the use of liquid media. Extensive use of 
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La sensibilidad a la estreptomicina solid ser levemente menor con los medios 
sdlidos que con los sero-sinteticos liquidos. Sin embargo, parece que un medio 
sdlido, tal como el de agar-j’-ema de huevo-glicerol de Herrold, resulta satisfac- 
torio para dichas pruebas, posej-endo ademas la ventaja de revelar aproximada- 
mente las proporciones relativas de bacilos tuberculosos resistentes y sensibles a 
la estreptomicina. 
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Timetable of Tuberculosis. — Tuberculous 
infection in a person passes through a number 
of characteristic periods; in each of these 
periods a specific tuberculous condition ap- 
pears frequently. The risk of falling ill with 
each specific type diminishes rapidly after the 
period characteristic of the condition. Stage 
1 appears five to six weeks after the infection. 
It is characterized by tuberculin sensitivity, 
initial fever, erythema nodosum and the pri- 
mary complex. There is nothing characteris- 
tic about the initial fever and only a tubercu- 
lin test indicates the true etiology of this, as 
well as of erythema nodosum. The sedimen- 
tation rate becomes elevated. Stage 2 occu- 
pies approximately the next three months. 
During this period, the malignant generalized 
forms of tuberculosis, particularly miliary and 
meningeal, occur. Sometimes, by means of 
special methods, tubercle bacilli may be cul- 
tured from the urine. Stage 3, the pleurisy 
period, follows immediately after Stage 2 and 
lasts about four months. The effusion is 
usually on the same side as the primary com- 
plex and is a hypersensitivity reaction. After 
this, the infection enters a latent stage which, 
in most people, lasts for the rest of their lives. 
In a minority, there is a fourth stage, which 
lasts about three years, until the primary 
complex is healed. This is the period of 
skeletal tuberculosis. Most cases appear 
during the first year, a large number during 
the second and the remainder during the 
third. In adolescents, this is also the period 
of pulmonary tuberculosis, most cases occur- 
ring within three years after the appearance 
of the primary infection. The age of the 
person is an important factor in determining 


the incidence of the conditions in the vari- 
ous stages. — The timetable of tuberculosis, 
A. Wallgrcn, Tubercle, November, 1948, 29: 
246. — (A. G. Cohen) 

Tuberculosis in Identical Twins. — Mono- 
zygotic twins, 22 years of age, had lived under 
identical conditions and had the same pro- 
fession. One of the twins had a febrile 
episode during which roentgenograms re- 
vealed an infiltration in the apex of the right 
lung with a cavity in the right subclavicular 
area. Tubercle bacilli were found in the 
sputum. The other twin was examined as 
a contact and found to have an identical 
infiltrate with cavitation in the left lung; 
his sputum also contained tubercle bacilli. 
The parents had no roentgenogrnphic evidence 
of chest disease but an older brother had had 
pulmonary tuberculosis treated by pneumo- 
thorax. After considering the problems of 
hereditary disposition to tuberculosis raised 
by these cases, the authors suggest that nurses 
with a family history of the disease be ex- 
cluded from working on tuberculosis services. 
— Sur les jumeavx tuberculeux, P. Braun & 
A. C. Maclouf, Rev. de la tuberc., 1947, 11: 
707— (F. Leites) 

Treatment of Tuberculous Glands. — The 
plan of treatment was to obtain healing and 
quiescence by medical means and then to 
remove the glands surgically. General meas- 
ures included good food, rest, fresh air and 
ultraviolet light treatment. The patients 
usually remained ambulant. The head and 
neck were immobilized by means of a cara- 
pace. Fluctuant and cold abscess were in- 
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cised with a tenotomy knife; this usually did 
not lead to sinus formation. Enlarged ton- 
sils were removed and attention was paid to 
the teeth. In addition, calciferol was given 
to 23 children and 11 adults. The first effect 
was a flareup which soon subsided. Of 14 
children with draining sinuses, 3 were slow 
to respond; the others healed in one to three 
months. Of 6 adults with sinuses, 3 healed 
within three months and the other 3 more 
slowly. In every case, there was an increase 
in calcification and a definite decrease in 
periadenitis. The excised glands showed an 
acceleration of the normal healing processes. 
Before treatment, the red, white and differ- 
ential blood counts, sedimentation rate, 
blood urea nitrogen and calcium and the 
renal function were determined. Toxicity 
of the drug was heralded by a rise in the blood 
urea, calcium and sedimentation rate. The 
daily dosage of calciferol for children was 
100,000 units and for adults 150,000 units 
taken in tablet form. The total dosage 
reached 2 to 16 million units in children and 
7 to 46 million in adults. Toxic symptoms 
of a mild degree were noted in 9 children and 
2 adults, of a moderate degree in 2 children 
and one adult and severe in one adult. The 
earliest sign was constipation, followed by 
malaise, nausea, vomiting, anorexia, thirst 
and polyuria. There was no impairment of 
renal function in 11 patients and temporary 
impairment in 5. In one patient there was 
questionable permanent impairment. — Calcif- 
erol in the treatment of tuberculous glands, 
S. Gauvain, Tubercle , November , 1948, 29: 
259. — (A. G. Cohen) 

Diagnosis of Tuberculodenns. — (I) Lupus 
milgaris. It occurs endemieally in regions 
which have a moist, cool climate with relatively 
few hours of sunlight per year. It frequently 
begins in childhood and progresses very' slowly'. 
The first lesion is the so-called lupus nodule. 
It is a small, well circumscribed, red or brown 
infiltrate which cannot be obliterated by 
pressure. Later it has an apple jelly' color, 
is covered by scales and may become fungoid 
in character. The histological picture is 


that of a tuberculous granuloma, occasionally 
with a central area of necrosis. Lupus vul- 
garis may' appear on any part of the body but 
the face is an area of predilection. (2) Lupus 
miliaris disseminalus. This is a rare disease 
of sudden onset. The lesion consists of 
many discrete, noncoalescent, lupus-like nod- 
ules which appear within a period of six 
weeks. The nodules remain from three to 
six months and on healing leave a variola-like 
scar. At no time is there scale formation. 
Tubercle bacilli are demonstrated only with 
great difficulty'; the tuberculin test may or 
not be positive. The eruption occurs almost 
exclusively' on the face. (8) Tuberculosis 
verrucosa cutis. This is an inoculation tu- 
berculosis usually' encountered on the hands 
of physicians, veterinarians or butchers. Hie 
lesion is bluish red in color and forms scales 
early'. The degree of verrucosity varies a 
great deal. There is always hyperkeratosis 
wliile caseation is absent. (4) Tubcrculids. 
All tuberculids are probably hematoembolic 
processes. They are papular lesions, varying 
in size and secondary' changes. The micro- 
scopic picture varies depending on the specific 
tissue response and the degree of secondary 
changes. The onset of this lesion is rather 
sudden. It usually has a self-limited course 
with a fairly rapid evolution . — Criteria for 
the diagnosis of certain tuberculodenns, II. 
E. Michclson, J. A. M. A., November 6, 
1948, 138: 721. — (H. Abeles) 

Gastric Tuberculosis. — Tuberculosis of the 
stomach is rare. Broders classifies the condi- 
tion into (/) miliary' tubercles of the stomach, 
(2) solitary' tubercle, (S) tuberculous ulcer, 
and ( 4 ) pydoric stenosing tuberculosis. The 
author reports a case with miliary tubercles, 
ulcers and stenosis. The patient had epi- 
gastric pain, bloating, sour erusfations and 
bouts of emesis. The stomach was resected 
and the patient died. At autopsy the lungs 
were free of tuberculosis. The stomach, 
duodenum and omental lymph nodes showed 
tuberculosis . — Gastric tuberculosis, II. «• 
Morris, Am. J. Roentgenol., May, 194S, 59: 
GS2. — (J. E. Farbcr) 
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Tuberculosis of Stomach and Duodenum. — 
Two cases of tuberculosis of the stomach and 
one of the duodenum are reported. None 
of the patients had active pulmonary tuber- 
culosis but abdominal lymphadenitis was a 
prominent feature. All 3 cases developed 
perforations or fistulous tracts at the site of 
their lesions. Roentgenologically there are 
no pathognomonic findings so that the ulcera- 
tive and infiltrative lesions can be confused 
with benign ulcer or carcinoma. The simul- 
taneous involvement of the stomach and 
duodenum, the presence of fistulae or sinuses 
and signs, of external pressure by enlarged 
lymph nodes are roentgenographic diagnostic 
findings suggesting tuberculosis even in the 
absence of any pulmonary lesion. — Tubercu- 
losis of the stomach and duodenum, H. IF. 
Oslrmn <£; IF. Scrber, Am. J. Roentgenol., 
September 194S, 60: S15. — (J. E. Farber ) 

Abscess after BCG Vaccination. — A 2 
week old infant was vaccinated with BCG 
(0.04 mg.) in the right axilla by the sub- 
cutaneous method. He was transferred to 
another institution where his tuberculin test 
was found to be negative during the following 
three months. Revaccination was performed 
by scarification in the left axilla. One 
week later a small abscess developed at the 
site of the scarification and a few days later 
a similar abscess formed in the right axilla 
where the first dose of BCG had been given. 
Typical BCG cultures were obtained from 
both abscesses. The tuberculin reaction 
became positive shortly after the second vac- 
cination. Thus, in this case bacilli had re- 
mained alive in the patient for three months 
without producing any clinical demonstrable 
local reaction and without rendering the 
tuberculin reaction positive. — Petits abeds 
cutouts apres revaccination par le BCG au 
siege d'unc scarification rtcenic el d’une in- 
jection sous-cutante anttrievre, J. Le Melle- 
ticr, Rev. dc la inhere., 1948, 12: 286. — (F. 
Leites ) 

Seedbed of Tubercle Bacillus. — The nec- 
ropsy records of Bellevue Hospital patients 


over 15 years of age were examined for the 
period from 1935 to 1944. The following 
conclusions are made: Among patients who 
died from tuberculosis the clinical diagnosis 
was incorrect six times more often for persons 
over 50 than for persons under 30 years of 
age. Among patients who died from other 
diseases but who harbored communicable 
tuberculosis, there was clinical recognition of 
the tuberculosis in onfy one-fourth. Older 
persons can have progressive disease with so 
few manifestations of illness that they may not 
seek the advice of a physician and may remain 
unrecognized sources of infection. The regis- 
tration of death from tuberculosis in New 
York City appears to be below the actual 
death rate with respect to persons over 50 
years of age. In a high proportion of new 
cases of tuberculosis in adults in New York 
City, the disease is apparently contracted 
from unrecognized sources of infection. Mor- 
tality rates do not indicate either the extent 
or the location of the seedbed in which the 
tubercle bacillus resides. The seedbed may 
be greater in extent today than it was twenty 
years ago, for it is largely concentrated in 
persons, principally men, oyer 45 years of age 
and these are more numerous today than they 
were a generation ago . — Disregarded seedbed 
of the tubercle bacillus, E. M. Medlar, D. M. 
Spain, & R. IF. Holliday, Arch. Int. Med., 
April, 1948, 81: 601.— (G. C. Lciner) 

Pneumopericardium. — Two cases of pneu- 
mopericardium are described; both occurred 
in the course of therapeutic pneumothorax. 
One patient had had a pneumothorax on the 
left for five days; the other on the right for 
six and a half months prior to the appearance 
of the pneumopericardium. Neither pa- 
tient had symptoms and the diagnosis was 
made by fluoroscopy. The pathogenesis 
remains obscure although a free pleuroperi- 
cardial communication is suggested as an 
explanation. Puncture of the pericardium 
by the pneumothorax needle is unlikely. The 
presence of pneumopericardium was not con- 
sidered a contraindication for the continua- 
tion of pneumothorax . — Le pncumop&ricarde, 



44 


ABSTRACTS 


complication rare au course de la pratique du 
pneumothorax therapeutique, J. P. Nico, J. 
Lacomc & R. Comsav.lt, Rev. de la tubcrc., 
1948, 12: 48.— (F. Leites ) 

Activity of Pulmonary Tuberculosis. — It 
is important to make a rapid and accurate 
estimate of the activity of minimal tuberculous 
lesions found in mass surveys. More than 
75 per cent of these lesions have acquired 
stability at the time they are found. Ac- 
tivity can be determined accurately by roent- 
genologic examination and more rapidly and 
economical!}" than by bacteriologic methods. 
In a series of 699 such cases followed for two 
to five years, activity was correctly determined 
from the first roentgenogram in S6 per cent of 
cases. A large film and an experienced roent- 
genologist are necessary. The pliotofluoro- 
gram should be used for screening only. Pa- 
tients with minimal inactive pulmonary 
tuberculosis should be followed with roent- 
genograms at three month intervals for two 
years after discovery and at longer intervals 
thereafter. — Accuracy of roentgen determination 
of activity of minimal pulmonary tuberculosis, 
C. C. Birkelo & P. 0. Ragve, Am. J. Roent- 
genol., September, 1948, 60: 803. — (J. E. 
Farbcr) 

Cavities “Below the Diaphragm.” — The 
authors report 3 patients under pneumoperi- 
toneum therapy whose pulmonary cavities 
appeared to be below the diaphragm. The 
cavities were located in lung tissue below the 
dome of the diaphragm in the anterior and 
posterior sulci, thus producing the illusion 
described. — Pulmonary cavities “below the 
diaphragm ,” P. Morganstcm & I. Pine, Am. 
J. Roentgenol., May, 194S, S9: 677 . — ( J . 
E. Farbcr) 

Surgical Collapse Therapy in Children. — 
This is a statistical evaluation of the results of 
treatment of tuberculosis by surgical collapse 
in children five to fifteen years old from 1932 
to 1947 in Pass}-, France. Until roccnth' 
this was the only French tuberculosis center 
where surgery was used extensively in children. 


Of 146 operations, 64 were plirenic interrup- 
tions, 44 thoracoplasties, 33 extrapleural 
pneumothoraces, 4 Monaldi drainages, and 
one was a cavernostomy. Over the fifteen 
year period the indications have gradually 
changed. In 1932, 6S per cent of the opera- 
tions were phrenic nerve paralyses, 23 per 
cent thoracoplasties, and 9 per cent were 
extrapleural pneumothoraces. In the course 
of 1947, 7S per cent of the patients were 
treated with extrapleural pneumothorax, 15 
per cent with phrenic paralysis, and 7 per 
cent with thoracoplasty. Extrapleural pneu- 
mothorax at present is considered the best 
method in children, S3 per cent of the patients 
having a “complete result.” However, a 
great number of the operations are admittedly 
of too recent date to be evaluated as to long 
term results. No patient has been made 
worse by the intervention. There was one 
death several years later due to contralateral 
spread. Thirty-one thoracoplasties were per- 
formed after abandonment of an ineffectual 
pneumothorax; only 39 per cent gave “com- 
plete results.” Thoracoplasty on 3 patients, 
seven to eleven years old, produced no de- 
formity of the thorax in contrast to patients 
eleven to fifteen years old in whom deformity 
was very marked. The present indications 
for temporary phrenic nerve paralysis with 
or without pneumoperitoneum are limited to 
basal lesions of recent date and central loca- 
tion . — La collapsolhfrapic chirurgicale chcz 
Vcnfant luberculcux de cinq a quinze ans, H. 
Joly, Rev. de la tubcrc., 194S, 12: S10. — (I*. 
Leites ) 

Coccldloldomycotlc Pulmonary Cavitation. 

— Humans become infected with Coccidioidcs 
immitis usually by inhaling the chlamydo- 
spores and arthrospores of the fungus. Symp- 
toms develop, after an incubation period of 
one to three weeks, in about 40 per cent of 
infected men. In the remainder the disease 
is completely asymptomatic. Women have 
a greater frequency of erythema nodosum and, 
therefore, a larger proportion have clinically 
manifest disease. The pneumonic or re- 
spiratory symptoms are of varying seventy. 
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Pulmonary cavitation may develop in nn 
area of coccidioidal pneumonitis or in a 
residual lesion some months after the primary 
infection. The patients with cavities rarely 
have disseminated infections and apparently 
possess effective immune mechanisms. The 
frequency of cavitation in asymptomatic 
coccidioidomycosis is not known; the incidence 
in hospitalized cases in the United States 
Army has been 2 to S per cent. The coccidioi- 
dal etiology of 274 pulmonary cavities was 
verified by recovery of the fungus in 40 per 
cent, by serological tests in 49 per cent, and 
by a positive coccidioidin without a tuberculin 
reaction in 11 per cent. Concurrent tubercu- 
lous and coccidioidal infections were present 
in 7 of tlie patients. The coccidioidomycosis 
was not progressive in any of these and the 
tuberculosis was progressive in only one. 
The relatively benign nature of the cavities is 
indicated by the fact that in the military’ 
patients three-fifths of them were discovered 
incidentally. The initial roentgenograms were 
made on almost three-fifths of the civilian 
patients because of hemoptysis which, how- 
ever, was rarely severe. The other signs and 
symptoms of tuberculosis were rare. Ninety 
per cent of the cavities were single and 70 
per cent were located in the upper portions of 
the lungs. In diagnosing these lesions, the 
coccidioidin skin test was the first step. 
Approximately 10 per cent of the patients 
reacted only to coccidioidin stronger than 
1:100; a few’ did not react to 1:10. When 
the serological test was negative and a tubercu- 
lin reaction occurred, the diagnosis could be 
established only by recovering the fungus 
from the sputum or gastric contents. In 
three-fifths of the patients with fungi in the 
sputum, the etiology could also be demon- 
strated serologically. When detectable in 
patients with cavities, complement-fixing 
antibodies were usually present in low titer in 
contrast to the high titer characteristic of 
disseminated infection. A decline in the 
antibody titer and a decrease in the sedimen- 
tation rate w r ere noted while cavities w T ere 
forming. Many cavities closed quickly but 
some remained open for years. Bed rest 


may have aided closure early but was of 
limited value later. The risk of dissemina- 
tion has been negligible and the possibility 
of contagion remote so that drastic inter- 
vention should be reserved for specific indi- 
cations. Phrenic interruption has closed some 
old cavities. Pneumothorax should not be 
used for peripheral cavities because of the 
hazard of creating a bronchopleural fistula. 
Surgical removal of a persistent subpleural 
cavity by lobectomy or w’edge resection safely 
eliminates the danger of spontaneous hy- 
dropneumothorax, which occurred in 2.6 per 
cent of the cases presented. Coccidioidal 
cavities and spontaneous hydropneumothorax 
are much less hazardous than the correspond- 
ing tuberculous lesions and incomparably 
less dangerous than disseminated coccidioidal 
granuloma. — Pathogenesis of coccidioidomy- 
cosis with special reference to pulmonary 
cavitation, C. E. Smith, R. R. Beard & M. T. 
Sailo. Ann. Ini. Med., October, 1948, 29: 
62S. — (E. A. Rouff) 

Pneumonia with Salmonellosis. — An out- 
break of food poisoning due to Salmonella 
montevideo was observed in 350 persons. 
Of these, 19 patients (6 per cent) developed 
bronchopulmonary manifestations. Four pa- 
tients had acute bronchitis. One patient 
had bilateral bronchopneumonia; Salmonella 
montevideo was found in his sputum. Four- 
teen patients had clinical and roentgeno- 
graphic evidence of interstitial pneumonia. 
All of them had an initial acute gastroenteric 
phase, lasting two to eight days. In 8 of the 
14 cases there was a quiescent interval of one 
to five days, followed by increased toxicity, 
fever and bronchopulmonary complaints. 
In 6 cases there was no quiescent interval. 
The bronchopulmonary manifestations lasted 
from four days to tw r o w'eeks. Sputum was 
cultured one to three times in 8 cases without 
recovering Salmonella. Sulfaguanidine, given 
during the gastrointestinal phase in 8 patients, 
and sufadiazine, given during the pneumonic 
phase in 3 patients, were without effect. — 
Pneumonia associated with acute salmonellosis, 
A. P. Ingegno, J. B. D’Albora, J. N. Edson 
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& P. J. Janquinto, Arch. Int. Med., April, 
1948, 81: 476— (G. C. Leiner) 

Asbestosls. — Forty case of asbestosis, au- 
topsied at the Medical College of South Caro- 
lina since 1930, are reviewed. The disease 
apparently did not progress long after ex- 
posure to asbestos dust ceased, although the 
fibrosis persisted and finally became scar 
tissue. In the milder cases there was little 
to indicate any influence of the disease on the 
health of the patient and death was usually 
caused bj T some unrelated condition. In prac- 
tically all of such cases the asbestosis was un- 
diagnosed until necropsy. This was also 
true in most of the cases of moderate lung 
damage. Asbestosis was conspicuous only 
when advanced and even then it was not al- 
ways the principal or sole factor in the terminal 
illness. Asbestosis bodies remained in the 
lung indefinitely and were found twenty- 
seven years after the last exposure to asbestos 
dust. The location of these bodies in the 
terminal bronchiole and in the vestibular 
area of the lobule is significant in the patho- 
genesis of the disease. Bodies of smaller 
size appeared in the peribronchial lymph 
nodes, where there was foreign body reaction 
but usually little fibrosis. The presence of 
asbestosis bodies in the sputum indicated 
only that there had been inhalation of as- 
bestos and did not characterize the condition 
of the lungs. The bodies may be found for 
years after the last exposure, but they may 
not be present in the sputum even in advanced 
cases of asbestosis. Pleural involvement was 
not constant and was probably a secondary 
occurrence. Local, fibrotic, nodular lesions 
similar to those characteristic of silicosis 
occurred frequently, which suggests that they 
may have been produced also by the asbestos. 
Carcinoma of the lung was found in 7.5 per 
cent of the abestosis cases ns compared with 
a general incidence of one per cent, suggesting 
that the two conditions are related. Tu- 
berculosis of the lung was found more fre- 
quently than in general autopsy series but 
careful analysis fails to show any direct rela- 
tionship. — Asbestosis: Analysts of forty ncc- 


ropsied cases, K. M. Lynch & TF. M. Connor, 
Dis. of Chest, Movcmbcr-Deccmbcr, 194S, 14 . — 
(E. A. Rovff) 

Heart in Bronchial Asthma. — The cardiac 
and circulatory changes were studied in 301 
patients with bronchial asthma. Physical 
examination revealed various degrees of 
emphysema in 61 per cent. Roentgenograms 
confirmed the frequency of so-called “drop- 
heart” with emphysema. It was present in 
14 per cent of the patients without any auricu- 
lar or ventricular enlargement. Although 
electrocardiography was often valuable, it was 
difficult to detect slight changes in the heart 
by this method. The most conspicuous 
electrocardiograpliic changes were (/) right 
axis deviation, (5) peaking and widening of the 
P waves in leads II and III, (S) depression of 
the ST segment with inversion of the T waves 
in leads II and III, (4) splitting of the R and S 
waves, and (6) prolongation of the QRS con- 
duction time. Right axis deviation was 
present in 44 per cent of the cases, left axis 
deviation in 2S per cent, and no axis deviation 
in 2S per cent. Uncomplicated bronchial 
asthma did not change the cardiac configura- 
tion. Associated cardiac disease, pulmonary 
congestion, or structural deformity were 
responsible for enlargement- of the pulmonary’ 
conus and arteries, ns well ns for right cardiac 
hypertrophy with electrocardiographic axis 
deviation. Any “aortic or mitral configura- 
tion” was a sequel to valvular heart disease 
and not the result of bronchial asthma. — 
The heart in bronchial asthma, M. K. Hajot, 
Ann. Allergy, Novcmbcr-Dccanbcr, 194S, 6: 
655— {R. Hyde) 

Commercial Nebulizers. — The Council on 
Physical Medicine of the American Medical 
Association has accepted only 3 nebulizers 
now commercially available, the de Yilbiss 
Nos. *10 and 4-1 and the Holmspray No. 630. 
Physicians have recommended other designs 
but there is little information available about 
their characteristics. This study compares 
the performance of several nebulizers now 
being sold. Failure of the apparatus to per- 
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form satisfactorily was due to ( 1 ) the produc- 
tion of an insufficient amount of mist, ( 8 ) too 
many large particles which did not get beyond 
the mouth and pharynx, or (3) a preponder- 
ance of true vapor or of particles so small 
that they were exhaled. Nebulizers con- 
taining small amounts of distilled water were 
weighed before and after 500 compressions of 
the hand bulb, and the weight delivered by one 
compression was calculated. This weight 
varied in the different nebulizers from 13.0 
to 0.4 mg. The “Breatlung” nebulizer de- 
livered the most mist followed in the order of 
decreasing delivery by “Asthma Neprin” 
and “Vaponefrin,” “De Vilbiss No. 40,” 
“Vapto,” “Broemmel,” “Peralta,” “Felrodo,” 
“Parke-Davis Nebulizer,” “De Vilbiss No. 
44,” “Defender,” “Stearns,” “Parke-Davis 
Adrenalin Vaporizer.” The “Breatheasy” 
discharged large droplets which lodged on the 
posterior pharyngeal wall. “Vapto” pro- 
duced particles of a size reaching the upper 
respiratory tree and “Broemmel”, a fine mist. 
“Parke-Davis Nebulizer,” “Defender,” and 
“Steams” emitted droplets. — A comparative 
study of commercial nebulizers, G. F. Harsh, 
Ann. Allergy, September-0 dober, 1948, 6: 
634— (B. Hyde) 

“Nechaphyl” for Bronchial Asthma. — 
Thirty-five of 40 patients with bronchial 
asthma obtained relief from “nechaphyl with 
phenobarbital" which they judged to be at 
least as satisfactory as that obtained with 
various oral ephedrine preparations. No 
toxic manifestations were noted and “nerv- 
ousness” was diminished. “Nechaphyl” alone 
was less satisfactory than oral ephedrine. — 
Nechaphyl in bronchial asthma, S. W. Simon, 
Ann. Allergy, November- December, 1948, 6: 
662. — (B. Hyde ) 

Apical Lung Cancer. — Primary carcinoma 
of the lung located in the apex (Pancoast 
tumor) produces a characteristic clinical and 
roentgenographic picture. Clinically, the pa- 
tient complains of shoulder girdle pain which 
later radiates down the inner side of the arm 
into the fourth and fifth fingers; the affected 


shoulder droops. The upper eyelid on the 
side of the lesion becomes ptotic and perspira- 
tion is absent over that side of the face and 
head (Horner’s syndrome). Cough is gen- 
erally absent. A mass can be palpated in 
the related supraclavicular area. Over the 
apex there is percussion dullness and dimin- 
ished breath sounds. Roentgenograms reveal 
a well-defined homogeneous shadow of increased 
density high in the apex. The trachea is 
displaced and slightly indented. These tu- 
mors should be completely removed before 
extension to the mediastinum or brachial 
plexus has occurred. Radiation therapy 
has been disappointing but should be pre- 
scribed for all inoperable cases. — Primary 
cancer of the lung with special reference to 
apical lung tumors, J. J. Stein, Am. J. Roent- 
genol., July, 194S, 60: 6S. — {J. E. Farber) 

Mediastinal Cystic Hygroma. — Cervical hy- 
gromas are not rare. On the other hand, the 
literature contains reports of only 19 cases of 
cervicomediastinal and S of intrathoracic 
hygromas. To these, the authors add 3 cases 
of their own. The condition is a congenital 
malformation arising during the development 
of the lymphatics by budding. The mecha- 
nism whereby it appears in the chest is un- 
certain. Pathologically it is a thin-walled 
cystic structure lined by endothelium, and is 
usually multilocular. The fluid in it is thin. 
A variety of structures such as connective 
tissue strands, fat, blood vessels and nerves 
may be found within it. Clinically, hygromas 
of the neck are usually noted at birth; they 
do not cause symptoms unless they displace 
the trachea or esophagus. They are thin- 
walled and translucent. In the cervico- 
mediastinal type, roentgenography shows a 
shadow in the upper chest on the side of the 
mass; this varies in size with crying and other 
activities. The mediastinal type is found 
only on routine roentgenologic examination 
and is difficult to diagnose precisely'. Surgical 
excision is indicated for cosmetic reasons and 
to avoid infection or tracheal compression. 
The cervical portion is removed first. The 
intrathoracic portion is then sclerosed with 
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DIAGNOSIS AND TREATMENT OF LUNG TUMOR 12 

RALPH ADAMS 

(Received for publication November 10, 191S) 

INTRODUCTION 

Carcinoma of the lung accounts for between G and S per cent of all cancer and 
approximates the frequency of gastric carcinoma. It is, therefore, a common 
disease which every general physician may expect to encounter in his practice. 
Usually the diagnosis is easily made by observation and analysis of the symp- 
tomatology which differs little from that of numerous other thoracic diseases. 

The results of treatment are comparable to those of other visceral cancers 
and much progress has been made in treatment in the past fifteen years, both 
in respect to earlier diagnosis and improved technique. There has been a 
marked reduction in the immediate operative mortality, which formerly was very 
high but now is less than 5 per cent. The chief problem, in the present state of 
knowledge or lack of knowledge of cancer causation is that common to all malig- 
nant disease, i.o., earlier diagnosis. The available surgical procedures are now 
about as radical as is feasible or practically applicable. Some improvement still 
is possible in short term results on poor risk patients by further refinement in 
methods of preparation and of after care. 

The content of this paper is limited to a statement of working policies in the 
detection of cases of lung tumor and the care of patients with such disease; in 
other words, practical diagnosis and treatment based on my own observations 
and experience. If excludes detailed statistical reporting of factual data as 
garnered from records of some 3S5 microscopically proved cases. It also ex- 
cludes minutiae of technical detail as both these items arc of especial concern 
only to those primarily interested in this single disease. 

MEASURES TO MINIMIZE INCIDENCE 

This topic is mentioned only because there is nothing definite to report, nor 
is there likely to be until the cause of cancer is discovered. Cigarette smoking 
has been incriminated, but not proved. Neither has chronic inflammation or 
irritation been shown to be causative, as is suspected in relation to carcinoma of 
the cervix. The one exception to complete ignorance of cause is the established 
fact of increased incidence in miners exposed to radioactive ores. The reason 
for the 4 to 1 male predisposition also is not explained. 

DIAGNOSIS 

Value of Population Survey 

Large scale radiographic screening has revealed some type of thoracic lesion 
in approximately 1 per cent of the segments of population examined, but only 

l From the Good Samaritan Hospital, Woodbury, Tennessee. 

: Presented at the Southern Tuberculosis Conference, Savannah, Georgia, October 1, 
194S. 
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a fraction of these cases have been shown or even suspected of having carcinoma. 
The group in which carcinoma is most prevalent is not often reached by the 
screening policies adopted for such surveys, which are designed to find tuber- 
culosis and are directed toward the younger age groups. However, an occasional 
case of carcinoma is found. 

Furthermore, periodic health examination will not find the silent malignant 
lesion in the lung, unless: (1) it is accompanied by roentgenologic examination 
and the growth is in the lung parenchyma or encroaching on the bronchial 
lumen; and (2) such examination is repeated more often than is necessary in 
Public Health control programs. The three most valuable approaches to dis- 
covery of really early carcinoma of the lung are: (1) education of the public to 
see a physician for any cough of over two weeks’ duration; (2) education of the 
profession to inquire for symptoms and at least fluoroscope every new patient 
and make chest films on fluoroscopic indication or presence of symptoms; ( S ) 
stop the practice of symptomatic treatment of cough or pleurisy without evalua- 
tion of cause. 


Symptomatology 

In contrast to carcinoma of the stomach, lung cancer usually causes early 
symptoms, but they are often overlooked. They are so ordinary in character 
that both the patient and the physician are likely to disregard them in early 
stages. As determined from study of one group of 157 consecutive, microscopic- 
ally proved cases (1), the early symptoms in the order of frequency arc: 

Cough: Cough is present in 93 per cent of the patients with lung cancer. In 
the early states it is dry or irritative, but soon becomes productive of mucoid 
or purulent sputum. Most often it is attributed to cigarette smoking or a mild 
cold. 

Pain: Almost every patient has a different concept of pain, depending upon 
his temperament and racial and social background. Early carcinoma of the 
lung rarely causes true pain, but some degree of pleuritic or vague thoracic dis- 
comfort will be admitted in slightly over half the patients. 

Sputum: The character of sputum in carcinoma of the lung is related closely 
to secondary infection. Very early in the disease true mucoid sputum, apparent- 
ly caused by mucosal irritation or stimulation by the growth, is encountered. 
Later the sputum usually becomes purulent, but not foul or fetid, unless there !>c 
bronchial obstruction or tumor necrosis. 

Hemoptysis: Blood spitting which occurs each day, every day, persistently 
over a period of time, is caused almost solely by carcinoma. However, hemop- 
tysis in carcinoma also may be sporadic or intermittent. 

Whrczc: This symptom or sign is not to be confused with asthma. It is an 
indication of bronchial encroachment to a point of incomplete occlusion and its 
intermittent character in early stages is explained by the presence or absence oi 
secretion in the narrowed bronchial lumen. In combination with one or more 
of the preceding symptoms, it provides strong presumptive evidence of bronchial 
occlusion caused by tumor unless there be a history of foreign body inhalation. 
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Confirmation of localized obstruction may be furnished by roentgenologic ob- 
servation of mediastinal shift or localized compensatory emphysema. 

A late symptom of dyspnea is closely correlated to pleural effusion. Bloody 
effusion is the type commonly found, but is not the infallible indication of malig- 
nancy once thought, because it can also be caused by infarct or an inflammatory 
reaction. Furthermore, effusion also occurs in nonsanguinous form from pleural 
involvement by cancer. 

Severe pain, as distinguished from mild pleural discomfort, should be regarded 
as a consequence of brachial plexus, chest vail, or mediastinal invasion. Relief 
from such pain is infrequently obtained by direct operative procedures, including 
removal of ribs, intercostal neurectomy, or lobar excision. Occasionally, X-ray 
therapy is of transient benefit as are the nitrogen mustards. On the whole, if 
the pain really remains intractable and beyond the range of control by medica- 
tion, one must resort to chordotomy or frontal lobotomy. The latter procedure 
has given very gratifying results to a few of our cases but, because of the atten- 
dant personality changes, must be embarked upon only after full consultation 
with the neurosurgeon, the personal physician, and the family. 

Hoarseness: The appearance of hoarseness or husldness of voice suggests 
paralysis of the recurrent laryngeal nerve from mediastinal extension of the 
growth. Occasionally the voice will return almost to normal after a few weeks 
of hoarseness, giving the patient and perhaps the physician a false sense of 
security', even though the vocal cord remains paralyzed. Tin's phenomenon, 
when it occurs, is related to laryngeal compensation. In most instances the 
voice remains permanently' husky'. One must beware of deciding forthwith 
that a patient has inoperable cancer of the lung when he has been shown to have 
an abnormal shadow in the chest and a paralysed vocal cord. We have now 
encountered 3 cases with this situation in which cancer was not present and the 
patients made a complete recovery' following appropriate surgery. One was a 
dermoid cy'st with infection; one was a teratoma with surrounding inflammatory 
reaction; and one was a substemal goiter into which there had been recent 
hemorrhage. 

Weight loss and weakness occur in later stages of the disease and direct 
attention to a careful search for peripheral nodes and enlarged liver or other 
signs of distant metastasis. 

Physical Signs 

The physical signs of lung cancer are related solely' to bronchial obstruction and 
sequelae or to extension of the growth. The presence of a tumor mass itself is 
rarely detectable by' physical examination. One may find the signs of pul- 
monary' infection or atelectasis or pleural effusion. Paralysis of the phrenic 
nerve or the recurrent laryngeal nerve are detectable by physical observation, 
as previously' mentioned. Every case should have careful, methodical palpation 
of the supraclavicular fossae and axillae for nodes. In instances where pain is 
a complaint, it is important to palpate meticulously the intercostal spaces and 
muscles about the scapula for signs of tenderness or thickening from tumor 
invasion. 
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Definitive Diagnostic Tests 

The observations thus far mentioned are limited to recognition that disease 
is present, but are not definitive, for they maj r be encountered in various types 
of disease of the lung. Further study should include as many of the following 
additional procedures as are required for diagnosis. 

1. Examination of the vocal cords with a laryngeal mirror. This is not a 
specialists’ procedure and the simple technique can be mastered by anyone with 
a little practice. 

2. Fluoroscopy. This should be a part of every general examination, and 
from it one gains specific information concerning diaphragmatic movement and 
type of movement. On fluoroscopy it is possible to detect immediately para- 
doxical movement or high stationary position of the diaphragm, secondary to 
a paralyzed phrenic nerve from tumor extension into the anterior mediastinum. 
The phrenic nerve, however, can be paralyzed by i nflamm atory reaction or by 
the pressure of benign lesions such as an aneurysm of the aortic arch. One 
observes the position of the mediastinum; whether there is shifting with breath- 
ing; whether the shift is toward or away from the lesion; and whether the position 
of the mediastinum is variable or fixed. Localized emphysema is sought and 
the respiratory phase in which it appears is noted. Partial bronchial obstruc- 
tion causes localized expiratoiy wheeze and emphysema in combination. From 
fluoroscopy one may better determine what special radiographic views will best 
record the lesion. Finally, one learns whether an abnormal mass is of fixed 
size, pulsatile, or expansile. 

Radiographic films are obligatory in the presence of symptoms or signs even 
if fluoroscopic observations are normal because the problem at this stage is one 
of differential diagnosis. Fluoroscopy alone may fail to reveal the early infiltra- 
tive, or exudative, or very small lesion, because of limited optical resolving 
power. It is beyond my competence to speak authoritatively on the purely 
technical phases of radiology, but the following common errors in making radio- 
graphs are mentioned because they are responsible for some errors in diagnosis: 
(I ) omission of the lateral films which often assist in detection of pathology behind 
the heart or near the mediastinum and permit positional localization to a pul- 
monary segment, division or lobe; (5) failure to obtain oblique views of lesions 
requiring differentiation from anomalies or morbid processes in the heart or 
great vessels; (3) simple, technical inadequacy, such as overexposure and under- 
development, gross underexposure or development in solutions that arc too hot. 

Supplementary films with heavy exposure or with the Buckey diaphragm 
should be made for lesions of marked or extensive density in order to detect an 
internal cavity or to visualize the bronchial lumen, and to study the ribs, pleura 
and mediastinum for irregularity. Laminograms occasionalh' are helpful but 
are more useful in the study of tuberculosis. 

Radiographic Evidence 

The most direct primary evidence consists of the demonstration of a tumor 
mass. If circular in form, it is likely to lie in the periphery, even though it may 
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appear to be situated close to the hilus on a postero-anterior film. A lateral film 
•will complete definition of the location of the mass. If multiple shadows of 
round masses are seen, metastatic disease to the lungs is naturally suspected. 
If the mass lies in the periphery, is round, and is more than 4 cm. in diameter, 
either adenocarcinoma or solitary metastasis from a hypernephroma is to be 
suspected, and intravenous pyelograms should be done. The other primary 
evidence consists of the presence of a blocked bronchus with an ovoid shadow of 
tumor projecting into the bronchial air column above the obstruction. This is 
sometimes seen on a plain film, more often on a Buckey film, and most often on 
a laminograph. 

The secondary evidence of the presence of a tumor usually consists of radio- 
graphic and the other signs of pulmonary atelectasis or infection which are 
related to variable degrees of bronchial encroachment and obstruction. Im- 
portant information, which suggests the occurrence of subcarinal lymph node 
extension, is afforded by a broadened or distorted tracheal bifurcation. 

Certain axioms are of aid in radiographic interpretation, remembering that 
they are statements of clinical experience and not of mathematical law. Local- 
ized emphysema and wheeze in an adult are usually caused by a tumor. A 
widened carina indicates disease in the mediastinal nodes and hence is extremely 
likely to indicate the presence of tumor. A lung abscess with thick wall (greater 
than 1 cm.) and nonfetid sputum is presumptive evidence of carcinoma. A fluid 
“level” with upward convexity is caused by central necrosis of a tumor mass 
having bronchial communication. Radiographic reports reading “suggest 
recheck in two months to rule out carcinoma” are never justified on the basis of 
haphazard or incomplete study, and may cause needless delay in diagnosis. 

Summary of radiographic study: Radiographic examination excels all other 
methods in the detection and recognition of lung cancer if done completely and 
properly by persons of experience and competence. 

Examination of the Sputum for Cancer Cells 

Examination of the sputum for cancer cells is an old method which has been 
in use for many years. It has recently been repopularized and increased in 
value by the work and writing of Papanicolaou. Such examinations should 
be performed in all cases under suspicion of carcinoma of the lung, just as 
a search for tubercle bacilli in the sputum is made in all cases under suspicion 
of pulmonary tuberculosis. Experienced observers make very few false posi- 
tive reports, but the report must be correlated with other observations. Nega- 
tive reports or findings have little significance. The test is of considerable value 
when positive, but is not as yet as definitive as the evidence provided by exami- 
nation of material obtained by a direct biopsy. 

Thoracentesis is indicated in cases in which a pleural effusion is detected on 
clinical or radiographic examination. Aspiration is best done with a short 
beveled needle of number 18 gauge lumen, 2 inches in length. One might easily 
recite a series of cases seen with complications of pleural or pulmonary infection, 
hemorrhage or spread of disease, which were direct sequels to the injudicious use 
of a large, long, bayonet-pointed needle. 
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prepared in the laboratory may yield well preserved cells from which the pathol- 
ogist can accurately determine a diagnosis. Negative evidence from endo- 
scopic examination so conducted is of equal importance. 

So handled by a seasoned endoscopist, acting as a consultant with clinical 
acquaintance with the case, one may anticipate on the basis of our experience 
the following results in approximate figures. Eighty per cent of eventually 
proved cases of lung cancer will be bronchoscoped. Ninety per cent of the cases 
bronchoscoped will have the diagnosis established thereby or stated as a positive 
suspicion from the collateral observations which the bronchoscopist makes. If 
bronchoscopy is handled as a purely laboratory procedure, to be done by a 
technician with no knowledge of the case, under remote “pushbutton-like” 
control from a clinician, the results, I should think, would be less rewarding. 

Bronchography rarely should be done in the diagnostic study of lung tumor. 
The oil may be trapped behind a tumor with production or accentuation of 
pneumonitis. It carries a slight risk of causing spread of tuberculosis. More- 
over, bronchography confuses the radiographic appearance of early inflammatory 
disease and may make further accurate observation of progress either tedious or 
inaccurate. Bronchography is a technique for outlining the pattern of disease 
in bronchiectasis, and even there is only incidentally of diagnostic value. 

Thoracotomy 

An occasional case is enountered in which no diagnostic approach other than 
thoracotomy will be decisive. We have formerly made the statement that one 
rarely learns more about the diagnosis on opening the thorax than was known 
beforehand, although of course the extent of disease can be determined with 
finality only through the open thorax. This attitude was a reasonable one when 
the risk of operative mortality was high. Two facts have caused alteration of 
this viewpoint. First, the risk of thoracotomy itself now approaches zero and, 
secondly, more pulmonary lesions are being discovered in an asymptomatic 
stage. Therefore, thoracotomy and excision of the lesion has become prefer- 
able to assuming the risk that a mass of unknown nature is carcinoma. At 
thoracotomy one does not cut into the lesion, but excises it; the “biopsy” some- 
times even becomes a lobectomy. For processes not subject to diagnosis by 
other methods, such a course is believed wise and conservative. It is excellent 
treatment for the fibrocaseous tuberculous mass before cavitation has occurred. 
It offers the best chance for cure of really early carcinoma. It does not un- 
necessarily sacrifice lung tissue. In certain instances it relieves general worry 
about the diagnosis and the patient’s future. What happier outcome could be 
asked than the removal of a treacherous appearing pulmonary lesion, with 
minimal risk of complication or fataiiy, and the finding that it is a benign lesion 
about which there need be no further concern? 

Common Sense 

Thus far in the discourse I have emphasized scientific exactitude in diagnosis 
and discussed the various methods for its attainment. I now wish to stress 
common sense, not as a substitute for, but as a corollary to, the other measures. 



360 


" Ui *ea. T\r {t , ton- flrr j ‘'umor nmM 

' SSJ£" *■ £?£%y**~ 3 ZZ z* < £& * i* 

-«&5 te «™ -Wv , d ‘° - “ -0- 


-»% zzr y «* r ~ ,w h **. t 

z ‘tn ma,ph »® d a r de - usi °” ° od d °”< 

orloZ m '* e °‘“ Sa'fcorf ‘“ dl ”*> ttelrf r d ® iZr' 

lssurne resDon^:S i ' ery h °oest p 0 ssih h” n-hJ. m ° n djr ec tly nr n.J '™ 1 


fl eJpf u j », tT’ uu ao everythin — u t0 tie <«„. lUD S psvchnu ■ 

‘•y?i Ss ssnf 

spStu« iD f f tr ^Senfo f° WerifcP ^ci use° Pe u ti0n reaily • 

whose r and llCTn °rrh a „ c carta, n cases with Und ° ubt edly t u? eara lts Dame 

s?SSrsS^Z.‘“ c= 

aassalSsia^ 

TDEATMekt 

^Z Ct i?‘ y f m ' ed X-ray «, ^ nera M 
^mforfc L 1SCTimia *tely ufT PY mak ™ a f Ptt 

^ffe mnSSf^ SDd 4^"^ C0 ^ta We 

Wes, surgery f ) n ’ g ' J grade epid PT . °. , appllcat m n to Justify thn w 

Sri- <& f szzr r &rtr 4 

«Ba»M bCr ie " Ce re «8f fS?‘ iraiiy t0 X-ray a T traile "Z ‘Soul 

Radinry L exces siv e thor Sever e Pain t tbera Py aJ l leuval 

“ ofes - tte * ■ «i «& sts 

^ PyaDdtteftoi "V™-a ffiicI , 



DIAGNOSIS AND TREATMENT OF LUNG TUMOR 


361 


it can be applied causes X-ray therapy to be chosen in most cases to be treated 
by actinic radiation. 


Palliative Resection 

Palliative resection has been already discussed in part. It is recommended 
only for cases burdened with complications of secondary infection. The dura- 
tion of life until death from carcinoma is in no way changed, but the patient may 
be prevented from dying of infection or hemorrhage and has a more comfortable 
terminal period. 

Surgery for Eradication of Disease 

At the present time complete surgical extirpation offers the only hope for 
cure. Pulmonary resection, including both pneumonectomy and lobectomy, 
in our hands now carries a 5 per cent hospital mortality risk on the basis of a 30 
per cent resectability rate (1). It is my belief that lobectomy for selected upper 
lobe lesions and peripherally placed lower lobe lesions, particularly in older 
patients, is as satisfactory a procedure as pneumonectomy. Moreover, lobec- 
tomy is associated with a lower operative hazard and better subsequent func- 
tional status. For the majority of cases, however, a radical pneumonectomy 
is preferable. 

A discussion of technical details is not considered germane to this presenta- 
tion. It is assumed that the surgeon and anesthetist in charge of a given case 
are competent to handle such matters. It is my understanding that this audi- 
ence, in respect to surgery, is more interested in what surgeiy should be done and 
why it should be done, than in exactly how it is done. 

Results of Surgical Treatment 

No one, however, is more interested than you in what surgery has or can 
accomplish. The hospital mortality from pulmonary resection for carcinoma 
has now been reduced to 5 per cent. Our resectability rate has been 31.8 per 
cent. Resected cases have a 64 per cent chance of being alive and well one 
year later. Rarely does an untreated case live a year after diagnosis. It was 
previously reported (1) that 23 per cent of the patients subjected to pulmonary 
resection more than five years previously were found to be living and well at 
the end of five years. The predominant factor affecting survival after resection 
was there shown to be the microscopic cell type. In this series, epidermoid 
carcinoma had the least gloomy prognosis, followed in sequence by adenocar- 
cinoma, oat cell and undifferentiated types. In fact, no patient with an oat cell 
or undifferentiated carcinoma lived more than a year after resection. Dura- 
tion of symptoms, the size of the lesion, the type of resection done and the 
presence or absence of involvement of lymph nodes were found to exert signifi- 
cant but not determinative effects upon the survival time. 

OTHER LUNG TUMORS 

Aside from adenoma, other varieties of lung tumor are rarities. I know of 
two examples of primary sarcoma and have personally treated one case of myxo- 
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hoy dia inferior a 5 por ciento. Despu6s de repasar y justipreciar los metodos 
de diagnostico, senalase que hay que aplicar el juicio maduro templado por el 
sentido connm a fin de evitar la eirugia molesta y esteril en los casos avanzados 
desaliuciados. Las imi’cas csperanzas de curacion se cifran actualmente en la 
extirpacidn cruenta total. 

Veintitrfe por ciento de los casos resecados hace mas de cinco afios se hallaban 
vivos y sanos al cabo de cinco anos. El adenoma bronquial no alcanza en 
frecuencia mas que la d£cima parte del cancer pulmonar, pero muestra una ex- 
pectativa de sobrevivencias a lo menos diecinueve veces mayor. Clinicamente, 
representa una entidad distinta del carcinoma, no importa la clasificacion 
patologica que reciba con el tiempo, conforme al grado de malignidad. 

REFERENCE 

(1) Adams, R.: Primary lung tumors, J. A. M. A., March 2, 1946, ISO, 547. 
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gans of a fatal case has completed the evidence for the specific etiology of granulo- 
matosis in human subjects (0). 

Observations on the cardio-rcspiratory functions 5 6 of 6 patients' with chronic 
delayed pulmonary granulomatosis due to beryllium are reported here (table 1 
for physical data). The cases arc arranged in order of increasing severity of dis- 
ease from borderline disturbances to total disability. Four of these patients had 
known contacts with beryllium compounds under industrial working conditions. 
The other 2 patients were “neighborhood cases” since they did not work in the 
industry, but had contact with beryllium compounds only from atmospheric con- 
tamination in the close proximity to a manufacturing plant. The duration of 
respiratory distress in these 6 patients ranged between one and six years. The 
etiology was presumed in most by exclusion of all other differential diagnoses 

TABLE I 


Physical (lata an patients studied 


PATIENT 

aci: 

SEN* 

HEIGHT 

WEIGHT 

S. AREA 

W 

DIAMETER 

RADIOLOG-} TRANS- 
ICAL i VERSE 

CHEST i CARDIAC 
VOLUME 1 RATIO 

! 




Crr.. 

A* JN 

S(J. m. 

cm. 

liters 


A. B 

20 

M 

109 

50.0 

1 .05 

17.5 

9.22 

0.446 

M. C 

40 

F 

157 

5S.3 

1.57 

■ 

15. So 


M. E. T 

23 

F 

107 

59.9 

1 .06 


11.14 

0.3S4 

M. H. C 

2S 

F 

1G5 

52. G 

1.54 

IS. 7 

7.97 

0.422 

J. J 

31 

M 

1G2 

52. S 

1.54 


S.S3 

0.524 

W. R 

35 

M 

1S3 

51 .S 

l.GS 


15.24 

0.464 


and was established in the third patient by identification of trace amounts of 
beryllium in the urine. In the sixth patient beryllium was recovered from kid- 
ney stones. 7 


METHODS 

These patients were hospitalized for periods of observation ranging between two weeks 
and three months under complete metabolic control at all times. Except where indicated, 
all the measurements reported were obtained during nonfasting conditions. Maximum 
breathing capacity was measured by means of voluntary maximal hyperventilation for 30 
seconds with the patient standing, using a mouth piece, high velocitj- valve, and a Douglas 
bag. The gas volume was measured in a standard Tissot spirometer, corrected to 37° C. 
and recorded per square meter of body surface area. Predicted values for both maximum 
breathing capacity and lung volumes were based on regression formulae derived by the in- 
vestigators in the Chest Service of Bellevue Hospital (10). Recumbent lung volumes were 
determined in duplicate by means of the helium dilution technique (11). All partitions of 
the total capacity were corrected to 37° C. Dead space measurements were obtained and 
corrected to 37° C. by breathing data obtained front a modified A-13 Air Force face mask 

5 The metabolic studies on these patients will be the subject of a separate report. 

6 We are indebted to Dr. Joseph DeNardi of Lorain, Ohio, and Dr. Gordon Richardson 
of Towanda, Pennsylvania, for aiding in the arrangements in studying these patients. 

7 We are indebted to Dr. L. T. Steadman of the Department of Radiation Biology for 
making these measurements. 
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A. 1?., a 27 year ohl white married male, hail industrial cunt act with irritating fumes from 
a heryllium alloy jirore.'-s for three months during 1910. He was in excellent health until 
1914. when he developed limits of ehills. fever, irritative roughing, wheezing anil dyspnea 
on exertion while in the Army. Chest roentuenographic examination was reported negative 
at that time, hut hv October, 1!' IT, symptom-' had progressed, weight loss from anorexia had 
occurred, and another chest roentgenogram revealed diffuse bilateral lesions compatible 
with beryllium granulomatosis. He has been unable to work since that time. On examina- 
tion in March, 191S, vital signs were normal except for slight ttiehypneti. The patient ap- 
pettred slender; he was tiding his accessory muscles of respiration even for ipiiet breathing. 
There was neither cyanosis nor clubbing of the fingers and the chest examination was other- 
wise unremarkable except for accentuation of breath sounds over the left lower lobe of the 
lung. A roentgenogram of the chest showed enlarged hilar root shadows with soft outlines 
and diffuse nodularity throughout the lung fields (.figure la). The patient wa« utiahle to 
remain for complete studies, hut the following observations were made. The red blood 
count was o.COO.O.vt per ru. mm., the hemoglobin coiircnt rat ion was 22.3 flm. per 100 re. and 
the hematocrit was ol percent . The respiratory pattern was irregular, with sighing indica- 
tive of emotional disturbance, which was compatible with the observed behavior. His 
maximum breathing capacity was only 50 per rent of the predicted value and in some 
measure was low because of poor cooperation. Determination of lung volumes showed 
marked reduction of total capacity (table 2. figure 2i to .'5.0 liters, or f>S per cent of the value 
predicted front the height formula. .Measurement of chest volume on the roentgenogram 
was also reduced, suggesting inability to adequately expand the chest , and the x'ital capac- 
ity was limited to 2.0 liters recumbent, or 2.5 liters standing. The alveolar pressure- 
velocity measurements were normal (table 2 >. The electrocardiogram, the ballistocardio- 
gram, the venous pressure, and circulation times, were all normal (table 3). The patient 
was able to perform standard exercise tests (at rate of 2.0 mph) at inclines of 0, 5, and 10 per 
cent grades for 10 minutes (table I, figure 5). On the latter two, he experienced severe 
dyspnea, sweating and snhstcrnn! distress. His legs became very tired. There was a 
paradoxical pulse with average heart rates up to 131 per minute. No electrocardiographic 
changes were observed, and the oxygen debts were normal. The ventilation indices were 
but slightly increased, and the pulmonary efficiency in relation to work was almost normal 
(figure 3). 

This patient’s reduced ventilatory rapacity and total lung volume were in 
contrast to his apparent inability to hyperventilate during rest or exercise as 
much as other patients (figure 3). Possibly the secondary polycythemia ac- 
counted for this. Unfortunately no arterial blood samples were obtained in 
order to evaluate either the alveolar oxygen gradient or the degree of hypoxemia. 
In an older individual, relatively the same degree of granulomatous change may 
he associated with greater functional impairment, as indicated by the next case. 

M. C.,a40year old white woman, developed a contact dermatitis on both arms and hands 
as a result of an industrial exposure to beryllium powders for three months during 1944. 
She discontinued this work and was in good health until August, 1940, when she began to 
notice coughing while on vacation in Oregon. Kxcrtional dyspnea was first noted in June, 
194i ; a chest roentgenogram obtained a few months later revealed “cloudy” changes com- 
patible with “beryllium poisoning.” She experienced no anorexia, and weight increased 
from 12S to 130 pounds during the last six months of 1947. On examination in April, 194S, 
vital signs were normal, and the patient appeared well. Frequently she exhibited an 
irritative coughing, pul showed no tachypnea, dyspnea, cyanosis, limitnt ion of chest expan- 
sion, or clubbing of the fingers. Occasionally wheezes and rhonchi were audible on 
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arterial oxygen saturation of S6 per cent, hemoglobin concentration of 12.46 Gm. per 100 
cc., and pO; of 75 mm. The alveolar-arterial oxygen gradient was not greatly increased, 
and the resting level of ventilation was a high normal value despite the presence of border- 
line anemia and definite hypoxemia (figure 4). Exercise studies showed that the patient 
was able to walk (at the rate of 2.6 mph) on the level without symptoms, experienced 
dyspnea at 5 per cent grade of incline, and was unable to walk more than five minutes at 10 
per cent grade because of more intense dyspnea. The ventilation indices were moderately 
increased whereas the oxygen debts were normal at 0 and 5 per cent grades, but were in- 



Fig. lb. Chest roentgenogram of patient M. C. with chronic pulmonary granulomatosis 
associated with beryllium compounds. 

creased markedly to 54 per cent at 10 per cent grade walking (table 4). The pulmonary 
efficiency in relation to work (figure 3) was appreciably reduced. 

This patient, M. C., also had moderate reduction in vital capacity, yet in 
contrast to A. B. was able to maintain a normal maximum breathing capacity. 
Her pulmonary efficiency was impaired because of moderate increase in al- 
veolar-arterial gradient which prevented normal saturation of arterial blood with 
oxygen. With increased arm-to-lung circulation time and pulmonary hyperten- 
sion during exercise, she presented evidence of pulmonary resistance and right 
heart strain (noted by accentuation of the second pulmonic sound). Under 
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was limited and inconstant rales were audible over the base of each lung. Roentgeno- 
grapliic examination of the chest showed diffuse pulmonary haziness, reticular markings 
and minute nodulations; the heart was not enlarged (figure lc). With exertion the patient 
became dyspncic and complained of dizziness. During the period of observation the 
intensity of these two symptoms fluctuated considerably, and at times she became easily 
fatigued and exhibited orthopnea. Some of the variation in symptomatology was related 
to emotional factors represented by frequent sighing respirations and a tendency to hyper- 
ventilate. The routine hospital laboratory data were normal, except for reduction in 
plasma albumin concentration to 3.3 Gm. per 100 cc., as determined by electrophoresis, and 
diminished blood volume by the Evans blue technique". The patient’s predicted blood 



Fig. Id. Chest roentgenogram of patient M. II. C. with chronic pulmonary granulo- 
matosis associated with beryllium compounds. 

volume was 1,050 ml., but the observed value was 2,000 ml. with an hematocrit of 4 1.5 per 
cent and plasma volume of 1,050 ml. The maximum breathing capacity was 53 per cent of 
the predicted value (table 2). Alveolar pressure-velocity relationships were normal. De- 
termination of lung volumes showed a moderate reduction of both the total pulmonary 
capacity and the vital capacity (table 2. figure 2). In an attempt to evaluate further the 
dyspnea and dizziness by altering her electrolyte balance, the patient was given a course of 
sodium chloride 2.0 Gm. orally, four times daily, for four days prior to the expected onset of 

" 55 e are indebted to Dr. L. A. Kohn for these data. 
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partition may have been sufficiently altered to permit greater escape of carbon 
dioxide without significant increases in ventilation. The mechanism of this 
reversible action is difficult to explain, since it was less marked when repeated 
after menstruation, but may have been related to pulmonary venous vasocon- 
striction. Finally, the measurement which reflected the diffusion of oxygen into 
the blood during exercise was the least variable value, and showed no correlation 
with the patient’s variations in symptoms. The fourth patient in this series 
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Fig. 4. Relation of ventilation and arterial oxygen saturation, at rest, to alveolar- 
arterial oxygen gradient. 


came from the same neighborhood as the third, but her manifestations of chronic 
pulmonary granulomatosis were somewhat different at the time of observation. 

M. H. C., a 2 S year old white married woman, also lived in close proximity to the same 
beryllium factory (as did patient M. E. T.) from 1944 to 1948. In May, 1946, she noticed 
coughing which was occasionally productive of blood-streaked sputum. Inhalation of 
fumes from this factory were known to be irritating to her. The paroxysms of coughing 
gradually became more severe, and by July, 1947, she had recurrent chills, fever, orthopnea, 
and dyspnea at night as well as on exertion. Because of anorexia she lost 28 pounds in 
weight. Cyanosis became prominent on exertion, and in November, 1947, she moved to 
another location and her symptoms began to subside. On examination in January, 1948, 
she exhibited moderate respiratory distress, limitation of chest expansion, mild cyanosis, 
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observed. Except for sinus tachycardia and depression of the ST segment in lead 1, the 
electrocardiogram was unremarkable. Venous pressure, circulation times, and blood pres- 
sure were normal, but the right ventricular pulse pressure at rest was near the upper limits 
of normal (table 3). Despite the low vital capacity the arterial blood was 92 per cent satu- 
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Exercise responses to treadmill walking at S.6 mph 
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11.78 


M. H. C. 

10 

3. SO 
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* Average value per minute for exercise period. 

** Mean ventilation index in 35 normals is 6.12 2.08. 


rated, and the pCL was 7S mm. Exercise tolerance studies demon strated that she was able 
to walk at 2.6 mph and at 0 and 5 per cent grades, but that fatigue and dyspnea developed 
even with the least exertion. Her tolerance was shortened by grade walking to seven min- 
utes, and she was unable to walk at 10 per cent grade without supplemental oxygen. The 
ventilation indices were greatly elevated to 19.S and 21.5 at 0 and 5 per cent grades, re- 
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epectively, showing the extent of the hyperventilation which prevented more serious degrees 
of hypoxemia (table 5). Pulmonary efficiency in relation to work diminished as soon as 
grade walking was attempted (figure 3). The least variable factor during exercise, based 
upon coefficients of variability of multiple tests, was the rate of oxygen absorption per 
liter of ventilation (5.3 per cent), whereas ventilation volume exhibited the greatest vari- 
ation (11 per cent). The oxygen debts were normal, yet clinically the patient often exhib- 
ited marked accentuation of second pulmonic sound, transient gallop rhythm, left chest 
pain, sweating, and exhaustion as a result of this exertion. She presented no signs of heart 
failure, and the administration of 1.5 mg. of digoxin orally in two divided doses caused 
anorexia and nausea but failed to diminish intensity of exertional dyspnea or to improve 
exercise tolerance or performance. Ammonium chloride 2 Gra. orally, three times daily, 
for two days induced anorexia and dizziness, but no other changes similar to those in 
patient M. E. T. were observed. 

Tliis patient, M. H. C., differed from the preceding one by more intense exer- 
tional dyspnea because of a smaller vital capacity. Her maximum breathing 
capacity was appreciably greater, and this may account for the more nearly nor- 
mal level of arterial oxygen saturation. During the period of observation there 
was an appreciable increase in vital capacity together with a slowing of the heart 
rate at rest and exercise. The exercise tolerance was not as good, however, 
probably because of pulmonaiy hypertension during exertion. In contrast to 
this patient is the disability from advanced cor pulmonnle exhibited by the fifth 
and sixth patients, both of whom had definite industrial exposures to beryllium 
compounds. 

J. J., 31 years of age, worked for two months as a sifter of fluorescent powders containing 
beryllium. Despite protective clothing and face mask, he had to discontinue this work in 
December, 1912, because of coughing and exertional dyspnea. Rocntgenogrnphic examina- 
tion of the chest was reported to show “dust in the lungs.” After these symptoms subsided 
he returned to work on another job which exposed him to fumes of various acids and am- 
monia, as well ns beryllium, tungsten, and carborundum dusts on various occasions. Early 
in 1915, he had a recurrence of coughing, exertional dyspnea, together with fatigue, anorexia, 
weight loss, night sweats, chills and fever which progressed over three months. Paroxysmal 
nocturnal dyspnea and orthopnea were also noted. He was admitted to Trudeau Sanator- 
ium where exhaustive diagnostic and functional studies’ 1 were made. The arterial oxygen 
saturation was SG per cent and the total lung volume was 2.73 liters with 21 per cent residual 
nir content. The exercise tolerance wns limited to 2.5 mph level walking for 5 minutes, and 
the ventilatory equivalent for oxygen was 4.7 liters per 100 ml. of oxygen per minute. Dur- 
ing the next year and one-half the patient improved somowhat , but lost 10 pounds in weight. 
Tubercle bacilli were never demonstrated in the sputum and a tuberculin shin test was 
negative to 10 mg. Examination of materia! obtained from biopsy of skin lesions on the 
hand showed lesions with noncaseons central necrosis which were interpreted as “changes 
characteristic of Boeck’s sarcoid.”- Minimal symptomatic relief was obtained from quinine 
nml ncoarsphenatnino therapy. When the patient was returned home, lie gradually im- 
proved, gained weight from 117 to 133 pounds and by the summer of 1957 was able to mow 
part of his lawn. After that time, clubbing of the fingers, accentuation of the second pul- 
monic heart sound, more exertional dyspnea, cyanosis, and weight loss indicated further 
hypoxemia and cor pulmonale. Examination in April, 1Q5S, revealed a chronically ill, mal- 
nourished white male, with obvious respiratory distress even at rest . There was ; nchypnea 
of 2! per minute at rest .cyanosis, marked clubbing of the nails, limited chest expansion and 


” functional studies were done by Dr. George Wright, Saranac Hake, New York. 
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utilization of the accessory muscles for respiration. The lungs were resonant to percussion, 
but rales were audible on examination of the bases. By percussion the pulmonary conus 
was prominent and the heart was enlarged to the right. The second pulmonic sound was 
accentuated and a systolic murmur was heard along the left sternal border. Generalized 
atrophy of the skeletal musculature and myotactile irritability confirmed the history of 
extensive loss of weight. Roentgenographic study of the chest showed soft infiltrations of 
both lung fields with increased bronchovascular markings. There was prominence of the 
right auricle and pulmonary conus (figure le) . The red blood cell count was 5.5 million per 
cu. mm., and the hemoglobin concentration was 18,5 Gm. per 100 cc. (Sahli). The urine 
showed a one plus reaction for albumin, and the blood urea nitrogen was 27 mg. per 100 cc. 
Bromsulfthalein test showed 60 per cent retention at the end of forty-five minutes, after 
a dosage of 5 mg. per Kg. of body weight. Electrophoretic analysis of plasma protein was. 
unremarkable save for slightly low albumin of 3.46 Gm. per 100 cc. and an increased con- 
centration of alpha-2 globulin. A vitamin A absorption test was abnormal. The maxi- 
mum breathing capacity was 51.5 liters per square meter, or 73.5 per cent of the predicted 
value (table 2). The lung volumes showed a very great reduction in vital capacity to 39 
per cent, and total capacity to 56 per cent of the predicted values (table 2, and figure 2). 
The electrocardiogram was abnormal because of right axis deviation, and peaked P waves 
in lead II in addition to sinus tachycardia. The venous pressure was increased to 135 cm. 
and fell paradoxically to 11.5 cm. with pressure over the right upper quadrant of the 
abdomen. The arm-to-lung circulation time was prolonged to 11 seconds; arm-to-mouth 
time was 16 seconds. Venous catheterization of the right heart showed increased right 
auricular pressure (13 mm.) and right ventricular pulse pressure was as high as 78 mm. of 
mercury. The cardiac output by direct Fick principle was abnormally low or 3.1 liters 
per minute. Arterial oxygen saturation was depressed to 82 per cent with a pOi of 50 
mm. Breathing pure oxygen increased these values to 95.6 per cent and 114 mm., respec- 
tively, but probably did not improve tissue utilization since the A-V oxygen differ- 
ence fell from 9.4 to 7.78 vol. per cent. Exercise tolerance studies showed a marked impair- 
ment of pulmonary efficiency in relation to work, and this was aggravated by any increment 
over the resting value since exercise caused an increase in ventilatory equivalents (figures 
3, 5, table 4). This unusual response was due to the extraordinary degree of hyperventila- 
tion induced by effort, and may also indicate further increments in pulmonary hypertension. 
The patient was unable to perform even 5 per cent grade walking except at the slow speed of 
1.7 mph. Both ventilation indices and oxygen debts were abnormally high for either level 
or grade walking (table 4). 

This fifth patient exhibited the late sequelae of chronic pulmonary granuloma- 
tosis due to beryllium, namely: contracted lungs with relative emphysema, cor 
pulmonale with incipient congestive failure, malnutrition, liver disease, and early 
renal disease in addition to severe anoxemia. Despite the latter, there was no 
marked polycythemia (figure 4). The ease with which such a patient may suffer 
serious complications is revealed by the following observations: 

During the course of nitrogen balance studies, the patient was given 25 mg. of testosterone 
propionate intramuscularly daily for twelve days to ascertain its anabolic effects. The pa- 
tient gradually became edematous, suffered more intense dyspnea, coughing and orthopnea 
even after the drug had been discontinued for a week. The laboratory evidence of conges- 
tive heart failure is presented in table 5. During the course of a second venous heart 
catheterization, the initial effects of 1.0 mg. of digoxin intravenously were recorded (figure 
6). There was a transient lowering of right auricular pressure followed by an increase in 
right ventricular pulse pressure, and improvement in pressure pattern. Within forty min- 
utes the right heart output improved sufficiently to overload the pulmonarj' circulation and 
pulmonary edema ensued. Fortunately the patient was promptly relieved by a phlebotomy 
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TABLE 5 


Effects of congestive heart failure in patient J. J. 



APRIL 1948 

HAY 1948 

ATTEE DIGOXIN 
THEiAPY 

Basal Weight, Kg 

52.1 

5S.1 

54.2 

Lung volumes in liters 




Vital capacity 

1.51 

1.31 

— 

Residual air 

1.23 

1.50 

— 

Total capacity 

2.74 

2.81 

— 

Per cent residual air 

45 per cent 

53 per cent 

— 

Venous pressure 




cm. water 

13.5 

20.5 

11 

Circulation times, seconds 




Arm-to-lung , 

11 

21 

10 

Arm-to-mouth 

16 

25 

18 

Resting metabolic rale 

+19 per cent 

+32 per cent 

+43 per cent 

Exercise tolerance 

1.7 mph, 0 per cent grade 




Endurance, minutes 

10 

S 

10 

Ventilation index 

25 

32 

33 

Oxygen debt 

12 per cent 

22 per cent 

17 per cent 

Average exercise 




Ventilatory equivalents 

3.9 

4.4 

3.9 

Heart rate 

146 

12S 

122 

Blood pressure 

141/79 

118/83 

143/77 

Pulse pressure 

62 

35 

66 

Symptoms 

J 

Dyspnea 

Severe dyspnea, 
exhaustion 

Moderate dysp- 
nea 

Ballistocardiogram 




Pattern 

Prominent H 

Irregular 

— 

Amplitude 

fair 

low 

— 

Arterial Blood 




pCO;, mm 

41 

34 

— 

p0 5 , mm 

50 

46 

— 

Oi saturation 

S2 per cent 

82 per cent 

— 

Oj capacity, vol. per cent 

17.47 

16.89 

— 

A-V 0 1 difference, vol. per cent 

9.40 

5.S4 

— 

Cardiac output, L/Min 




(breathing oxvgen) 

4.12 

4.60 

— 

Maximal pulse pressure 




Right auricle 

13 

25 


Right ventricle 

7S 

6S 

I _ 

. 
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of 350 ml. of blood, was then able to breathe easily while lying in the supine position, and 
rejected further supplementa l oxygen therapy. The observed electrocardiographic K 
constant (QT/Vcycle length) progressively shortened from 0.432 to 0.342 during the same 
period of time; inversion of T waves in lead II and occasional ventricular premature beats 


EFFECT OF 10 MG. IV. DtGCWN ON CONGESTIVE HEART RWLURE IN 
CHWNIC GRANULOMATOSIS DUE TO BERYLLIUM 

RATE 08S. FULSE COMMENTS 

QT PRES 


CONTROL RA 


J£T MM.H£ 

97 .432 75-20 T 2 t 


MNUTES 

AFTER 

DGOXIN 


82 410 10-125 


DIPHASIC 


RIGHT VENTRICLE 
7 


83 .365 125-55 T 2 l 


28 


37 


<UU JJ'„ 


V* 88 364 40-70 


PULMONARY ARTERY 

aa/wa- 


VENTRICULAR 

PREMATURE 

95 .366 40-80 BEATS 


ORTHOPNEA, 

COUGHING, 

PULMONARY 


AAAAA 90 342 75 

(RELIEVED BY 
PHLEBOTOMY) 


j — „ 50 MM, MERCURY PRESSURE 

J FOR CALIBRATION 

HEART SOUNDS 

ELECTROCARDIOGRAM -LEAD 2 

Fia. 6. Effect of digoxin on manifestations of congestive heart failure in patient J. J.; 
1.0 mg. digoxin was administered intravenously during the second cardiac catheterrization. 
(Note irregular right ventricular pressure pulse patterns which were present prior to the 
administration of the digoxin, as well as typical electrocardiographic changes related to 
the digoxin). 


further indicated the effects of digoxin on the myocardium. The cardiac output increased 
from 4.6 to 7.S liters per minute. Diuresis was instituted promptly by the digoxin, and dur- 
ing the first twenty-four hours the basal weight declined by 1.75 Kg. The venous pressuro 
was reduced to 11.0 cm. of water, and the arm-to-lung circulation time shortened to 10 
seconds. Patient was thereafter continued on maintenance doses of digitoxin orally. An 
exercise tolerance test was repeated, and the patient was able to walk on the level the full 
10 minute period at 1.7 mph and experienced much less dyspnea. The exercise systemic 



DYSPNEA IN BERYLLIUM WORKERS 


383 


pulse pressure was increased to tho prccongcstivc-failuro level, and tho ventilatory equiva- 
lent for oxygon was restored to its former vnltto. 

These data clearly show how long-standing beryllium granulomatosis can be 
complicated by cor pulmonale and congestive heart failure. The response to 
rapid digitalization was quite unusual because of the resistance to pulmonary 
blood flow which precipitated pulmonary edenm requiring a phlebotomy to obtain 
relief. Such a patient needed continuous digitalis therap}' to combat the heart 
failure. 

The extraordinary disability that can result from overwhelming anoxemia is 
revealed by the sixth patient in this scries: 

W. R., a 35 year old white married male, was employed in tho fluorescent light industry 
ns an engineer. In March, 1915, he first noted exertional dyspnea which progressed in 
severity. Later lie felt irritable, unstable, had anorexia, and during the summer lost 40 
pounds in weight. Abnormal markings were found in the chest roentgenogram. Because 
of orthopnea and paroxysmal coughing, he was given penicillin and streptomycin by in- 
halation therapy in July, 1917 without striking benefit. Clubbing of the fingers had been 
present since 1910, and occasionally ho noted slight dependent edema. He had had frequent 
passages of kidney stones for two years. For the six months prior to admission it had been 
necessary for him to use oxygen by nn oral lube continuously to minimize dyspnea. On ex- 
amination inMay, 1918, he appeared to be a severely, chronically ill, white male with exten- 
sive wasting from malnutrition. He exhibited respiratory distress even at rest, and this 
was accentuated by any cause for anxiety. He showed variable tachypnea, dyspnea, 
orthopnea, ns well as very marked clubbing and npprccinblc cynnosis even while breathing 
oxygen by a tube in his mouth. With persuasion the maximum possible time that he could 
tolerate breathing room air was about 20 minutes early in the course of observation, but 
later this time was less than a minute (figure 7). Tho chest was somewhat enlarged 
and the accessory muscles of respiration wero used prominently. Breath sounds were 
of emphysematous character with wheezing and basilar rales bilaterally. The henrt was 
not enlarged, the rhythm was regular, and tho second pulmonic sound was accentuated. A 
faint systolic murmur ns well asan early dccrcscendo diastolic murmur was audible along 
the left sternal border. Roentgcnograpliic examination of the chest showed diffuse granular 
and confluent shadows bilaterally but more marked on the right side (figure If). The 
hematocrit was reduced to 37.5 per cent and the urine contained considerable albumin 
(3 plus reaction), and both red blood cells and white blood cells. The patient frequently 
passed kidney stones, and spectroscopic examination revealed beryllium within tho stones. 7 
The blood carbon dioxide combining power was increased to 77 vol. per cent and the chloride 
was depressed to 88 m.eq. per liter. Two-plus cepbalin flocculation and thymol turbidity 
reactions indicated abnormal hepatic function. Bromsulpthalcin retention was 40 per cent 
(repented, 20 per cent) at the end of forty-five minutes. The observed blood volume was 
5,000 ml., equal to the value predicted from height, but the plasma albumin concentration 
by electrophoresis was diminished to 2.7 Gm. per 100 co., and all globulin concentrations 
except alpha-1 globulin were abnormal. Tho maximum breathing capacity was greatly 
depressed to 10.2 liters per square meter, or 15 per cent of the predicted value (table 2). 
The lung volumes showed marked reduction in total and vital capacities to 40 per cent and 
53 per cent of values predicted (figure 2, table 2). The alveolar pressure-velocity relation- 
ships showed that less than the average pressure was needed to obtain moderate flow of 
air in the tracheobronchial tree (table 2). The electrocardiogram showed right heart 
strain with right axis deviation and inversion of T waves in leads II and III. Despite 
conspicuous distension of the peripheral veins, the venous pressure rvas repeatedly found 
to be between minus 0.5 and 2.0 cm. of water. The circulation times were normal. Venous 
catheterization of the right heart revealed increased pressure in auricle, ventricle, and 
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TABLE 0 

Effect of cytochrome C on patient W. R* 



BEFORE 

AFTER 

Breath-holding time, seconds 

6 

20 

Minute ventilation, litcrs/M s /minute 

5.98 

6.44 

Ventilatory equivalent for oxygen, liters/minute 

2.36 

3.73 

Oxygen consumption, ml/M 2 /minute 

253 

171 

Arterial Blood 



Carbon dioxide tension, mm 

75 

— 

Oxygen tension, mm 

67 

76 

Carbon dioxide, vols. per cent 

79.6 

76.9 

Oxygen content, vols. per cent 

12.6 

12.6 

Oxygen capacity, vols. per cent 

14.5 

14.7 

Oxygen saturation, per cent 

87 

86 

Mixed Venous Blood 



Carbon dioxide tension, mm 

84 

85 

Oxygen tension, mm 

35 

38 

Carbon dioxide, vols. per cent 

80.5 

78.8 

Oxygen content, vols. per cent 

8.65 

8.85 

Oxygen saturation, per cent 

59 

60 

A-V carbon dioxide difference, vols. per cent 

0.88 

1.86 

A-V oxygen difference, vols. per cent 

3.93 

3.75 

Cardiac output liters/minute 

6.42 

4.56 

Heart rate 

98 

118 

Stroke volume, average ml 

65 

39 

Electrocardiogram 

Tj.i — flat 

Ti — elevated, 
Tj — depressed 

„ QT 

K constant / — 

V CL 

0.425 

0.403 

Pneumocardiogram, Chest 



Beginning of right ventricular ejection, sec 

0.07 

0.05 

Beginning of left ventricular ejection 

0.13 

0.12 

Mean right auricular pressure, mm. Hg.** 

+2.8 

-0.74 

Mean right ventricular pressure, mm. Hg 

23 

24.6 

Bightjventricular pulse pressure, mm. Hg 

66 

84 


* 80 mg. were administered through a catheter inserted into the right heart. Observa- 
tions were made immediately before and one-half hour after catheterization while patient 
was breathing oxygen. 

** Zero reference point 5 cm. below level of sternum. 

cardiac output declined 29 per cent, with a rise in heart rate and a fall in stroke volume. 
The sytemic blood pressure rose from 102/72 to 126/100 mm. of mercury. The right ven- 
tricular pulse pressure rose from 66 to 84 mm. of mercury as the systemic pulse pressure fell 
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lar group of patients. Overbreatliing, present at rest, and accentuated by exer- 
tion, is the result of an increased alveolar-arterial oxygen gradient, hypoxemia, 
and contracted breathing capacity and total lung volume (particularly the com- 
plemental air partition). The latter change may increase the proportion of 
residual air, but the observed volume was not greatly increased in any of these 
patients. Thus the pulmonary insufficiency more nearly resembles that seen in 
patients with pulmonary fibrosis than in those in whom emphysema is the pri- 
mary defect. Pathological examination of fatal cases has shown the presence of 
diffuse emphysematous alterations in lung structure intermingled with granulo- 
matous infiltrations. Functional studies of these patients do not, of themselves, 
offer data that serve to differentiate granulomatosis from other pulmonary dis- 
eases of comparable severity. Such studies are of value in delineating the differ- 
ences between patients of the same group and, when analyzed according to 
pulmonary efficiency in relation to work performed (figure 3), the sequence of 

TABLE 7 


Resting ventilation, alveolar pO., alveolar-arterial oxygen gradient, and diffusion constant for 

oxygen* 


PATIENT 

RESTING 

VENTILA- 

TION 

OXYGEN 

CONSUMP- 

TION 

CALCU- 

LATED 

ALVEOLAR 

pOi 

OBSERVED ARTERIAL 

ALVEOLAR- 

ARTERIAL 

OXYGEN 

GRADIENT 

DIPFUSION 
CONSTANT 
FOR Oi 

VENTILA- 
TORY 
EQUIVA- 
LENT 
FOR Oj 

pOi 

pCO, 


L/M*fmin. 


mm. 

mm. 

mm. 

mm. 



M. C 

4.72 


in 

74 

47 

37 

2.94 

3.37 

M. E. T 

4.21 

162 

96 

72 

36 

24 

3.60 

2.60 

M. H. C 


168 

120 

78 

25 

42 

4.20 

4.03 

J. J 

4.24 

141 

98 

49 

41 

49 

2.04 

3.03 

W. R 


161 

96 

46 

48** 

50 

1.97 

6.38 


* All measurements made while breathing room air. 
** pCL 96 and pCCL 66 mm. while breathing oxygen. 


complications is more readily understood. The complications of pulmonary 
granulomatosis evolve as compensating mechanisms for hypoxemia and increased 
pulmonary resistance. The earliest response to hypoxemia is hyperventilation, 
whereas usually polycythemia is a response to long-standing hypoxemia. Al- 
though occasional secondary polycythemia (8) has been observed in patients with 
granulomatosis, only one (patient A. B.) of those studied here exhibited this 
phenomenon. The infrequency of this response is provocative and in only pa- 
tient W. It. could it have been obscured by chronic blood loss (from renal lithia- 
sis). It is possible that dietary deficiencies, inadequate absorption of constitu- 
ents of hemoglobin, or impaired hemoglobin metabolism related to the general- 
ized beryllium toxicity, may have been responsible. Of particular interest in 
this regard are the observations of other investigators who have noted the ab- 
sence of polycythemia in patients with severe chronic anoxemia. Studies on 20 
patients with pulmonary tuberculosis treated by thoracoplasty failed to show any 
evidence of polycythemia despite arterial anoxemia (23). Investigations of the 
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tion to tlie evolution of the functional impairment and its complications. The 
results of these studies are essentially in accord with those observed by other 
investigators of a similar group of patients. The main deviation from normal is 
the hyperventilation, especially during work, compensating for hypoxemia. 
Diminished arterial oxygen saturation is a function of abnormally increased 
alveolar-arterial gradient for oxygen and contracted lung volume, particularly 
complementary air. One of these patients exhibited polycythemia as a compen- 
satory mechanism. Various stages of cor pulmonale, including congestive heart 
failure due to increased pulmonary resistance, were observed. An unusual 
response to intravenous digoxin and the lack of benefit from cytochrome C 
therapy are recorded. Variations in response to exercise and similarities to 
functional impairment of other chronic pulmonary disease are discussed. 

Addendum 

Two more patients have been studied since the preparation of this report. Each one 
has presented findings similar to the others, but neither has been as far advanced as either 
J. J. or W. R. 


SUMARIO 

Observaciones Relalivas a las Causas de la Dispnea en la Gramdomatosis Pulmonar 
Cronica de los Trabajadores en Berilio 

Las mediciones de las funciones pulmonar y cardiovascular en descanso y en 
ejercicio en 6 enfermos con granulomatosis pulmonar crdnica se presentan en 
relacion con la evolucidn de la disfuncidn y sus complicaciones. El resultado de 
estos estudios concuerda esencialmente con lo observado por otros investigadores 
en un grupo seme] ante. La principal desviacion de lo normal consiste en la 
hiperventilacidn, sobre todo durante el trabajo, que eompensa la hipoxemia. La 
hiposaturacidn arterial para el oxigeno es efecto de la anormal hipergradiente al- 
veoloarterial para el oxigeno y del disminuido volumen pulmonar, en particular 
para el aire complementario. Uno de los enfermos manifestd policitemia como 
mecanismo compensador. Observaronse varias etapas del “cor pulmonale,” 
incluso insuficiencia cardlaca congestiva debida a hiperresistencia pulmonar. 
Mencidnanse una inusitada respuesta a la digoxina por via venosa y la ineficacia 
de la citocromo-C-terapia. Discutense las varias reacciones al ejercicio y las 
semejanzas a la disfuncidn ocasionada por otras neumopatfas crdnicas. 
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THE ROLE OF PULMONARY CAVITATION IN THE DEVELOPMENT 
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INTRODUCTION 

The use of antibiotics in combating infection is frequently limited by the 
capacity of microorganisms to develop resistant strains against which the drugs 
are no longer effective. This is particularly true in the case of a chronic disease 
such as tuberculosis and the antibiotic streptomycin which, though an excellent 
bacteriostatic agent, has little bactericidal effect. In the earliest reported in 
vitro studies, as well as the first attempts to use streptomycin in the treatment of 
human tuberculosis (1, 2), the development of highly resistant mycobacterial 
strains was noted. Though much work has been done on this subject during the 
past two years, there is still no clear cut explanation of the factors involved in 
the development of resistant strains of M. tuberculosis. It is evident that ade- 
quate knowledge of these factors would greatly increase the field of usefulness of 
streptomycin. 

That the duration of therapy with streptomycin is one factor in causing the 
development of resistant bacilli has been shown in experimental animals. Steen- 
ken (3), after treating tuberculous guinea pigs with streptomycin for 125 days, 
recovered only nonresistant tubercle bacilli from the animals. Feldman, Karl- 
son, and Hinshaw (4) obtained similar results when infected guinea pigs were 
treated for 60 days, but found that, if treatment was continued for 206 days or 
longer, tubercle bacilli resistant to more than 2,000 y of streptomycin per ml. of 
media could be cultured from the spleen of each animal. Also the data from 
various clinics suggest the important role played by duration of therapy. A 
report from the Veterans Administration Hospitals (5) indicates that after 60 to 
90 days of treatment bacilli resistant to 10 y or more of streptomycin have de- 
veloped in 64 per cent of the patients; after 120 days of therapy more than 78 
per cent of the patients had developed resistant strains. The work of Youmans 
and Karlson (6) and that of Bernstein, D’Esopo and Steenken (7) similarly indi- 
cate the dangers with regard to bacillary changes inherent in long courses of 
streptomycin. 

While the importance of long continued streptomycin therapy in causing 
resistant bacteria to develop is recognized, evidently other factors are of greater 
importance in some cases. For axample, Wolinsky, Reginster and Steenken 
(8), in reporting on 47 patients treated with streptomycin, obtained one culture 

' From the William H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sana- 
torium), Northville, Michigan. 

3 This investigation was supported (in part) by a grant from the Division of Research 
Grants and Fellowships of the National Institute of Health, U. S. Public Health Service. 
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resistant to 1,000 y of streptomycin per ml. of media after only 29 days of therapy, 
while cultures from 11 of the patients remained sensitive to 1.0 y of streptomycin 
after 12 weeks of therapy. Howlett and O’Connor (9) observed that in 26 
patients with disseminated nodular lesions who received streptomycin tlierap}’- 
the only one who eventually produced tubercle bacilli resistant to 10 y of strep- 
tomycin was a patient who also had a persistent cavitj r . In this particular 
patient the bacilli eventually became resistant to 1,000 y of streptomycin. 

Prior to the publication of the last mentioned article, the casual observation 
was made at the Maybuiy Sanatorium that there seems to be a close correlation 
between the presence of cavity and the development of resistant tubercle bacilli. 
To test this observation more carefull} r , an analysis has been made of the data 
obtained from 155 streptomycin-treated patients who have had posttreatment 
resistance studies performed on tubercle bacilli isolated from their sputum or 
gastric contents. 

MATERIALS AND METHODS 

The 155 patients included in the present study represent approximately one-half of the 
adult patients with pulmonary tuberculosis who were treated with streptomycin at the 
Wm. H. Maybury Sanatorium during the interval from November, 1946 to August, 194S. 
The only patients excluded from the study are those on whom no posttreatment determina- 
tions of bacterial sensitivity to streptomycin are available. For most of the sensitivity 
determinations we are indebted to Dr. Cora It. Owen’ of the University of Michigan and to 
Dr. Guy P. Youmans’ of Northwestern University. 

During the twenty month period of the study, six significantly different streptomycin 
dosage schedules were employed; 2 Gm. per day given in divided doses of 0.4 Gm. five times 
daily for 90 days; 1.0 Gm. per day given in divided doses of 0.5 Gm. twice daily to a total of 
100 Gm.; 1.0 Gm. daily given as a single dose for 42 days; 0.5 Gm. daily given as a single dose 
for 84 days; a dose varying from 0.4 to 0.7 Gm., depending upon the patient’s weight and 
given twice daily for 84 days. In one small series of patients streptomycin was given during 
alternate weeks according to the schedule last mentioned. 

Chest roentgenograms were taken at the beginning of therapy and thereafter at intervals 
of four weeks in most cases ; in the case of patients whose therapy was terminated at the end 
of six weeks the roentgenogram was taken at that time. 

In preparing the correlation tables only a single bacterial sensitivity determination has 
been used for each patient except in 11 instances. In these 11 cases, 2 sensitivity determi- 
nations, made on bacteria isolated from a single patient at intervals longer than four weeks, 
have been used. Thus 166 sensitivity determinations, made on bacteria isolated from 155 
patients, are included in the study. In addition to theso 166 determinations made during the 
course of streptomycin therapy, or after its completion, 7 pretreatment determinations were 
done. All 7 of these cultures failed to grow in media containing one y of streptomycin per ml. 

Data regarding the presence or absence of cavitation were obtained from the interpreta- 
tion of the roentgenologist ns recorded in each patient’s chart. If the interpretation was 
equivocal on this point, the original roentgenogram was consulted. The pertinent roent- 
genogram was the one taken at the same time, or near the time, that tubercle bacilli were 
isolated from the patient’s sputum for the sensitivity determination. Since most of the 
sensitivity tests were made at the termination of therapy, this means that in most cases the 
patient’s roentgenogram taken at the conclusion of his course of streptomycin determined 
whether or not he should bo classified as having a cavity. 

RESULTS OF STUDY 

The impossibility of classifying all cases as definitely showing or not showing 
cavitation soon became apparent. As mentioned above, the original roentgeno- 
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grams were consulted whenever the' recorded reading of the roentgenologist was 
found equivocal. Even -with the additional information obtained from subse- 
quent roentgenograms, however, it was frequently impossible to say whether or 
not at a given time definite cavitation was present. Thus, instead of separating 
the cases into two groups, those with and those without cavities, it was found 
necessary to add a third group of cases in which the findings with regard to the 
presence or absence of cavities remained equivocal. In the first group, those 
showing definite cavitation at the time the sensitivity determination was made, 
there are 88 cases. Thirty-seven cases are found in the “equivocal” group, while 
41 cases are included in the noncavity group. In 11 instances, patients who 
showed definite cavitation at the beginning of therapy had completely closed the 
cavity by the time the sensitivity determination was made. In 21 instances, 
patients with cavitation at the beginning of therapy were finally placed in the 
“equivocal” group: Changes in the reverse direction occurred only four times 

TABLE 1 


Data from, cases showing cavitation at the end of streptomycin therapy 


RESISTANCE TO STREPTOMYCIN 

DURATION OP THERAPY IN DAYS 

TOTALS 

28 to 41 

42 to 83 

84 to 160 

Number 

Per cent 

Number of cultures 

7 per ml . 





■■ 


<1 

0 

4 

0 




1-10 

5 

5 

0 

10 

■fa 

15.9 

10-100 

2 

12 

■9 

24 

27.3 


100 - 1,000 

2 

'■mm 

mm 

22 

25.0 


> 1,000 

3 


MM 

28 

31.8 

84.1 

< 1 -> 1,000 

12 

45 

31 

88 

100.0 

100.0 


while patients were taking streptomycin and in four instances patients who had 
no cavity at the beginning of therapy had roentgenograms which were considered 
“equivocal” at the time the sensitivity determination was made. 

With 6 exceptions, every patient who had definite cavitation at the beginning 
of therapy had sputum which was positive for acid-fast bacilli on direct smear. 
The 6 exceptions were “positive” only on culture of the sputum. 

The data for the three groups of patients, classified according to duration of 
therapy and the level of streptomycin resistance of the mycobacteria isolated 
from the sputum, are shown in tables 1, 2, and 3. 

Following established custom (5), it is assumed that tubercle bacilli able to 
grow in media containing 10 y of streptomycin per ml. are resistant as far as 
effective clinical therapy is concerned. Using this definition of resistant micro- 
organisms, it will be seen from table 1 that of the patients showing cavitation the 
great majority (84.1 per cent) produced resistant tubercle bacilli. Among the 
cultures obtained 28 to 41 days after the beginning of therapy, 7 of 12, or 58.3 
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per cent, were resistant. In the 42 to 83 day group, 36, or 80 per cent of resistant 
cultures, were found and in the 84 day group all of the cultures were resistant. 

It will be noted that no cultures of tubercle bacilli sensitive to one 7 or less of 
streptomycin were found in the 28 to 41 day group, while four cultures of this 
type were found among patients who had had therapy for 42 to S3 days. This 
obvious aberration can be explained on the basis of the composition of the various 

TABLE 2 


Data from cases in which the evidence of cavitation remained equivocal 



DURATION OF THERAPY IN DAYS 


TOTALS 


RESISTANCE TO STREPTOMYCIN 

28 to 41 

42 to 83 

84 to 160 

Number 

i ... 



Number of cultures 


7 fer ml. 

<1 

1 

H 

0 

8 

HR 


1-10 

2 

■ 

— 

3 

25 

KH 

S9.2 

10-100 

0 


0 

1 

2.7 


100-1,000 

0 


0 

1 

2.7 


>1,000 

0 

U 

1 

2 

5.4 

10.8 

<1->1,000 

3 

30 

4 

37 

100.0 

100.0 


TABLE 3 


Data from cases showing no cavitation at the end of therapy 


RESISTANCE TO STREPTOMYCIN 

DURATION OF THERAPY IN DAYS 

TOTALS 

28 to 41 

42 to 83 

84 to 160 

Number 

Per cent 

Number of cultures 

7 fer ml. 







<1 

3 

10 

6 

19 

46.3 


1-10 

2 

13 

5 

20 

4S.S 

95.1 

10-100 

0 

1 

1 

2 

4.9 


100-1,000 

0 

0 

0 

0 

0 


>1,000 

0 

0 

0 

0 

0 

4.9 

<1->1,000 

5 

24 

12 

41 

100.0 

100.0 


groups as regards dosage schedule. In the first group, the majority of the 12 
patients had been on the 0.5 Gm. schedule, t.c., they had received 0.5 Gm. of 
streptomycin daily in a single dose. The 42 to 83 day group included only one 
patient who had been on the 0.5 Gm. schedule and 34 who had received 1.0 Gm. 
daily in a single dose. The remaining 10 patients had received either 0.5 Gm. 
twice daily or 2.0 Gm. daily divided into five doses. In the light of these different 
dosage schedules, the complete absence of any cultures in the 28 to 41 day group 
sensitive to one 7 or less of streptomycin suggests that the daily dose of 0.5 Gm. 
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rays and was interpreted as a “filled” cavity. The bacilli from 2 of these patients 
were sensitive to 10 y of streptomycin ; bacilli from the third fell in the 10 to 100 
y per cc. resistance group. 

In table 3 only 2 patients (4.9 per cent of the total) are found to have de- 
veloped resistant strains. One of these 2 patients had tuberculous pericarditis 
as well as disseminated pulmonary disease; the other had received streptomycin 
for 115 days, except for one intermission of two weeks, when the resistant culture 
was obtained. 

Of further interest in table 3 is the fact that 6 patients, after treatment with 
streptomycin for 84 days or longer, still harbored tubercle bacilli which were 
sensitive to 1 y of streptomycin. Five of the 6 began their treatment with 
recently formed cavities which closed during the course of streptomycin therapy; 
the sixth did not show a cavity at any time. Most of these particular patients 
have been mentioned in a previous article (12). Subsequent follow-up shows 
that all 6 have become “sputum-negative”; their roentgenograms have shown 
progressive clearing and their prognosis is excellent. 

The data from the final columns of tables 1, 2 and 3 are presented graphically 
in figure 1. This chart emphasizes the fact that in the presence of persistent 
cavitation the development of resistant strains of tubercle bacilli is a significant 
matter. In the absence of cavitation at the end of treatment, resistant strains 
rarely develop. In those cases in which cavitation is equivocal there is still no 
significant development of resistant strains. 

DISCUSSION 

The data presented above illustrate the marked variation observed in clinical 
cases of tuberculosis with regard to the development of resistant strains of 
tubercle bacilli. In one group of cases the bacilli remained sensitive to one y of 
streptomycin even after 84 daj T s of therapy; in another group resistance to more 
than 1,000 y of streptomycin developed after only four to six weeks of therapy. 
What is the reason for this variation? Is the development of resistant tubercle 
bacilli, as suggested by Yegian and Yanderlinde (13), merely a consequence of 
the “. . . selection of normally occurring hereditary variants that are present in 
the original cell population”? If this were true, then the bacilli of a patient in 
the first group would remain sensitive because that patient's “original cell popu- 
lation” did not contain resistant cells, whereas a patient in the second group 
would be unlucky because amongst his original quota of bacilli there happened 
to be highly resistant cells. In the light of the data which have been presented, 
this explanation seems unlikely. There is too close a correlation between per- 
sistent cavitation and the development of resistant bacilli to be explainable on 
the basis of mere chance variation in the original cell population. 

One obvious reason for the importance of the cavity in determining whether 
or not resistant bacilli will appear is the well known fact that tubercle bacilli 
grow much more readily and more rapidly in this location where they have been 
"exteriorized” as far as the ordinary defense mechanisms of the body are con- 
cerned (14). Rapid multiplication is generally accepted ns important in the 
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development of resistant microorganisms (2, 15). Another important character- 
istic of tuberculous cavities, particularly the older, more chronic variety, is that 
their relatively avascular walls (16) militate against streptomycin reaching the 
interior of the cavity in effective concentration. In one experimental study (17) 
the streptomycin content of sputum from the cavities of patients under therapy 
with 1.8 to 2 Gm. of streptomycin daily was found to vary from a minimum of 1 
y per ml. to a maximum of IS y per ml. 

Finally, within the tuberculous cavity the tubercle bacillus is frequently able 
to grow in a fluid or semifluid menstruum instead of on the surface of the cells, 
and this may be of considerable importance in bringing about the rapid evolution 
of highly resistant strains. Steenken has stated (18) that strains of tubercle 
bacilli resistant to streptomycin can be produced much more rapidly when the 
microorganisms are grown in the depths of a liquid medium such as that of 
Dubos (19) than when they are grown as a pellicle on the surface of a medium. 
Ballon and Guemon (20, 21) and Follis (22) have shown that sulfanilamide, 
incorporated in a solid medium, complete^ inhibits the growth of tubercle 
bacilli while sulfanilamide in the same concentration in a liquid medium has no 
inhibitory effect. These observations suggest that strains of tubercle bacilli 
resistant to sulfanilamide may evolve when the bacteria are grown in liquid but 
not on solid media containing the drug. 

From the data of the present study it is evident that strains of tubercle bacilli 
highly resistant to streptomycin may be produced very rapidly in some cases 
while in other cases the increase in resistance on the part of the tubercle bacillus 
appears to be a gradual process. Demerec (23) has noted a similar behavior in 
the case of the staphylococcus. When this microorganism is submitted to the 
action of streptomycin for a single time, some strains are produced which are 
almost completely resistant while other strains are only slightly more resistant 
than the parent strain. Demerec explained this erratic sort of increase in re- 
sistance to streptomycin on the basis of mutations in genes varying greatly in 
their potency, a mutation in a highly potent gene being responsible for a high 
degree of resistance, a mutation in a less potent gene for a low degree of resistance. 
The hypothesis that similar changes may occur in the case of the tubercle bacillus 
offers an attractive explanation for the observed facts. 

Just how rapidly may highly resistant strains of tubercle bacilli appear? 
Vennesland et al. (24) have demonstrated that tubercle bacilli 10,000 times as 
resistant to streptomycin as the original strain may originate from a stock 
laboratory strain of H-37Rv after its exposure to dilute streptomycin for 21 days 
in Dubos medium 5 . With regard to clinical studies, one patient in the present 
series discharged tubercle bacilli resistant to 1,000 y of streptomycin after 28 
days of therapy. Wol insky, Reginster and Steenken (8) have reported that a 
strain similarly resistant appeared after 29 days of therapy, and McDermott (25) 
noted the appearance of a highly resistant strain after five weeks of therapy. 
The most specific example of the rapid emergence of resistant tubercle bacilli 

This interpretation is different from that of Vennesland cl al., who considered that 
na urally occurring streptomycin-resistant variants had been demonstrated. 
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has been mentioned by Karlson (26) who made sensitivity tests on tubercle 
bacilli isolated on the dates mentioned below from the sputum of a patient re- 

ceiving streptomycin therapy*. 

Dale oj sputum 
culture 

7 of streptomycin per ml. 
of cvlvre medium necessary to 
inhibit growth 

3-22-46 

0.31 

3-28-46 

0.31 

4- 1-46 

0.31 

4-10-46 

0.31 

4-17-46 

0.31 

4-26-46 

0.31 

5- 8-46 

> 1,000 


Thus, after remaining sensitive to 0.31 7 of streptomycin for approximately s'lx 
weeks, the tubercle bacilli isolated from this particular patient only 12 daj^s later 
were resistant to more than 1,000 7 of streptomycin. 

It is evident that the cumulative effect of numerous small step mutations (such 
as were observed by Demerec), should they occur in the tubercle bacillus, would 
eventually produce highly resistant bacilli. Against this explanation in the 
present case is the fact that the growth of the tubercle bacillus is necessarily slow, 
too slow to allow any large number of generations to occur during the 12 day 
interval observed by Karlson. 

In vitro experimental studies indicate that different growth mechanisms may 
operate for the tubercle bacillus, depending on whether the microorganism is 
grown in liquid or on solid media. Kahn (27) observed that tubercle bacilli 
growing in a liquid medium pass through a developmental cycle which requires 
17 days for its completion. Tubercle bacilli growing on solid media do not pass 
through any such cycle but appear to proliferate by direct fission (2S). As long 
as mycobacteria are growing by direct fission, the mycelium which is formed 
might be compared to the continuous growth of one plant, and no great variation 
in the individual cells would be expected. However, when the bacillus passes 
through a complex cycle of development, there is greater opportunity for the 
mutation of highly potent genes which, in the present case, could bring about 
abruptly the appearance of a strain of bacilli highly resistant to streptomycin. 
Of interest in this regard is the observation of Wolinsky and Steenken (11) that 
tubercle bacilli exposed in a liquid medium to 0.2 7 of streptomycin per ml. 
show no evidence of growth for the first 17 days-, after this period growth is rapid. 
The appearance of the 17 day interval in the above work and in the cycle ob- 
served b} r Kahn may be more than a mere coincidence. Also, the 21 day interval 
found necessary by Vcnnesland cl al. (24) for the production of tubercle bacilli 
highly resistant to streptomycin is long enough to include the 17 day growth cycle. 

Returning to experimental tuberculosis in guinea pigs, Feldman, Karlson, and 

* In following the development of bacterial resistance in streptomycin-treated patients, 
Steenken (IS) has noted that the cultures isolated from a given patient may change from 
sensitive to 0.5 y of streptomycin per ml. to resistant to 1,000 y per ml. in a period of only 
seven days. 
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Hinshaw (4), as already mentioned, found that treatment of the animals with 
streptomycin for a long period of time (206 days) was necessary before highly 
resistant strains of tubercle bacilli appeared. In this respect tubercle bacilli in 
the guinea pig react much as they do in the human patient who has no pulmonary 
cavity. The reason may be the same in both instances, for cavitation is almost 
never seen in ordinary inoculation tuberculosis of guinea pigs. 

The practical implications of the close correlation observed between per- 
sistent cavitation and the development of resistant strains of tubercle bacilli are 
obvious. If there is no cavitation in cases of minimal tuberculosis, the usual 
course of streptomycin might be given to such patients with little or no fear that 
resistant bacilli will develop. If cavitation is present and closure of the cavity 
occurs during the course of therapy, again there is very little danger of the 
development of resistant strains of tubercle bacilli. These facts should influence 
the therapeutic strategy of the physician with regard to each patient; his every 
effort should be directed toward obtaining cavity closure before completion of the 
streptomycin therapy. If the cavitation is very extensive or of such a character 
that it may not close during the course of streptomycin, the drug should supple- 
ment collapse therapy rather than precede it. 

One other implication has to do with the question of streptomycin-resistant 
tubercle bacilli in patients w r ho have become “sputum negative.” These are the 
patients who have shown such a good response to streptomycin that it is im- 
possible to recover tubercle bacilli from their sputum at the end of the course of 
therapy. Fears have frequently been expressed, how r ever, that these patients 
might be harboring highly resistant tubercle bacilli in some obscure focus in the 
body. In view of the almost complete absence of resistant bacilli in patients 
without cavitation, these fears seem unfounded. 

Data regarding the development of streptomycin-resistant tubercle bacilli in 
relation to the various dosage schedules employed in the present series of cases 
are too fragmentary to permit any observations other than that the dose of 0.5 
Gm. of streptomycin per day in cases sliovring cavitation appears to be too small 
to prevent the rapid emergence of highly resistant strains of bacilli. Looking 
upon the cavity wall as a semipermeable membrane (relatively impermeable in 
the case of thick-walled cavities), it is evident that a high streptomycin blood 
level, if maintained for only a few hours, might be more effective in producing a 
satisfactory level of streptomycin within the cavity than a lower blood level 
maintained for a longer period of time. Once a fair concentration of strep- 
tomycin has been obtained in the contents of the cavity, this level might be 
expected to remain fairly constant (even after the blood level has fallen) until the 
cavity is emptied. 

Apparently a single 1.0 Gm. dose of streptomycin produces a satisfactorily 
high blood level (29). Thus 1.0 Gm. of streptomycin given in a single dose on 
alternate days might be considerably more effective than 0.5 Gm. of the drug 
given daily. Such a method of “concentrated therapy” at relatively long inter- 
vals might make it possible to avoid the cumulative toxicity of long continued 
daily dosage with streptomycin while maintaining an effective attack against the 
tubercle bacillus. 
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SmtSURY AND CONCLUSIONS 

One hundred fifty-five cases of pulmonary tuberculosis treated with strep- 
tomycin have been analyzed with regard to the emergence of resistant strains of 
tubercle bacilli in relation to the presence or absence of cavities. From the 
analysis the following conclusions seem justified: 

(1) In the presence of persistent cavitation the emergence of resistant strains 
of tubercle bacilli is a significant matter. 

(2) In the absence of cavitation at the end of the course of therapy, resistant 
strains rarely appear. 

(S) In those cases in which cavitation is equivocal the emergence of resistant 
strains of tubercle bacilli occurs with appreciably less regularity than in the 
presence of definite cavitation. 

SUMARIO Y CONCLUSIONES 

El Papcl dc las Cavcrnas Pulmonarcs cn la Produccion dc Rcsistcncia Bactcriana 

a la Eslrcplomicina 

Cinento cincuenta y cinco casos do tuberculosis pulmonar tratados con estrep- 
tomicina son analizados con respecto a la emergencia do cepas resistentes de 
bacilos tuberculosos en relacion con la presencia o ausencia de cavcrnas. El 
analisis parece justificar las siguientes conclusiones: 

(1) En presencia de cavcrnas persistentes la emergencia de cepas resistentes 
de bacilos tuberculosos es significativa. 

(2) En ausencia de cavcrnas rara vez aparccen cepas resistentes al terminar 
la terap6utica. 

(3) En los casos en los que es dudosa la presencia de cavcrnas, la emergencia 
de cepas tubcrculosas resistentes ocurre con regularidad apreciablemcntc inenor 
que en presencia dc cavcrnas bion definidas. 
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The Influence of Various Factors Upon the Emergence of Resistant Strains 
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INTRODUCTION 

The frequent emergence of streptomycin-resistant strains of tubercle bacilli in 
tuberculous patients treated with streptomycin is now a well known phenomenon 
(1 to 25). The great importance of these resistant strains in sharply limiting the 
effectiveness and clinical usefulness of streptomj’-cin is equally well recognized. 
An increasing number of studies have been stimulated by an interest in possible 
methods for reducing the incidence of streptomycin-resistant tubercle bacilli and 
for circumventing the therapeutic obstacles which thej r create. Of the many 
variables which might influence the emergence of resistant strains, interest thus 
far has been largely concentrated upon: (I) variations in the daily” dose, in the 
frequency of administration and in the total duration of streptomycin treatment 
(the regimen emplo 3 ’cd) ; (2) therapeutic combinations of streptomycin and ot her 
drugs. Up to the present time little attention has been given to possible 
influences inherent in the patient or in the tuberculous disease being treated. 

In a detailed report of the stud}' at the Laurel Heights Sanatorium of strep- 
tomycin in pulmonary (and bronchopulmonary) tuberculosis (7) which was sub- 
mitted in February, 1948, analysis of sensitivity data available at the time 
resulted in the following comments: 

“Among patients on Regimen A or B [l.S or 2.0 Gin. of streptomycin daily for 120 days] 
strains requiring 50 y per cc. or more for inhibition 4 emerged only among those patients 
with frank caseation or cavitation. ... It appears from our study that lesions in which 
caseation and cavitation were prominent were not only least likely to Bhow adequate ther- 
apeutic response to streptomycin alone, but were nlso most likely to produce strains of 
organisms with significant resistance to the drug.” 

1 From the Laurel Heights State Tuberculosis Sanatorium, Shelton, Connecticut, and 
the Department of Internal Medicine, Yale University School of Medicine. 

! This study is part of the Streptomycin-Tuberculosis Research Project of the American 
Trudeau Society, Medical Section of the National Tuberculosis Association. Streptomycin 
used in the earlier portion of the study was generously donated to the Society bv the 
Abbott Laboratories, Eli Lilly and Company, Merck and Company, Inc., Charles Pfircr and 
Company, Inc., E. R. Squibb and Sons, and the Upjohn Company. Subsequently the 
study was continued as part of the Comparative Regimens Study of the U. S. Public 
Health Service. 

1 This study was aided by grants from the Division of Research Grants and Fellowships 
of the National Institute of Health, U. S. Public Health Service, nnd from the Fluid Re- 
search Fund of Yale University School of Medicine. 

4 With the technical assistance of Mr. John Vndne.y, Mr. Hilary Morris, Miss Eleanors 
Falco, and Mr. Adolph Moruschafc. 

4 Since the tests used in this study contained no dilution between 10 and 50 y of strepto- 
mycin per cc., this could also 1 k> stated as "strains uninhibited by 10 y per cc. or lr.*i." 
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tuberculosis treated witli strep • om^ ^ tubercle bacilli (uninhibited by 10 7 per 
It was observed that resistant s patients with disseminated 

cc. of streptomycin) occurred m also present. There was a 

nodular pulmonary tubercul °^ resi ; timt tubercle bacilli in a group of patients, 
similar complete absence of lng 1 0 f persistently active but 

termed “grumblers”, tAo were Experience in these two 

indolent chronic none* vit: ary ience in patients with frankly caseous 

groups was in marked contrast to " P „ nrP 0 f highly resistant strains had 

or Vernons disease in whom the em ^Xleptomycin was administered 

occurred with significant frequency, eve P d t0 be a very significant 

for only 42 days. Again, therefor , PP in . res i s tant tubercle bacilli and 

relationship between the incidence of streptomi cm 

the type of tuberculosis treated. k a considerably larger number 

Complete sensitivity data are nov available culosiSi The principal 

of patients treated for various types of puhnon . y relationsllips> {1 ) between 
purpose of the present report is to survey m det 1 1 treatme nt regimen 

le incidence of streptomycm-resistant tubercle bacilli 

employed; (2) between the incidence of streptomycin 
and the type of pulmonary tuberculosis being re 


ANA-LYSIS OF SENSITIVITY DATA 

Materials and Methods . d t‘ ts were col- 

Specimens of sputum or gastric contents fr0 “^ specimens were cultured 

*■ a— or»r 1 «f •PAmilfir intGrVO.lB tllGrG&lv • . , mi : a ?or»1 n_t.pd W6T6 


Specimens of sputum or gastric contents fr0 “ B ^ specimens were cull 

lected before treatment and ^rephur intervals tbereafter^ baciUi thus isolated 

on solid media at the Laurel He.ghts Sanatorium and ^ tU fity o{ the patie nts in this 
then tested for sensitivity. Sensitivity tests on the gre by tkree of the present 

report were performed at the Yale University recarding the method employed. 

writers who have reported elsewhere (9, 10) deta B ^ u ^ me dium and the sub- 
Briefly, the bacilli were first subcultured m a “ od ' fi me dium which contained the fol- 
culture was used for the inoculation of tubes of thesa 100 , 500, and 1,000 Y P er 

lowing dilutions of streptomycin : 0 (control), ' 0.5, ' i on of streptomycin in which no 

cc. Sensitivity was determined as the lowest conce t ' at 37 °C. Very recently 

growth could be detected after ten to fourteen days of inc^ ^ instead , at the Tru- 

the sensitivity tests for the Laurel Heights stud > h inK solid medium containing 0 

deau Laboratory by Steenken (11) and his associa . { b ho wever, complete sensi- 
(control) , 1.0, 10, and 100 7 of streptomycin per cm & ycry {ew pat ients. 

tivity data from this source have become available o y other repor ts submitted on 
For purposes of this analysis (and for consls “ e . ^ reatment regimens which have been 
patients in the Laurel Heights study) the streptomyci 
explored are designated as follows : 

Regimen A: 1.8 Gm. daily for 120 days. 

Regimen B : 2.0 Gm. daily for 120 days. . er kg . 0 f body weight daily 

Regimen C : 1 .0 Gm. daily for 42 days, later revised to .0 mg. P ^ 

for 45 days. • i f two consecutive days per week (with 

Regimen III: 40 mg. per kg. of body weight da y , ° q{ lg weeks . 

no streptomycin on the other days of the { gQ days . 

Regimen IV : 20 mg. per kg. of body weight daily tkese two regimenB are 

Because of the close similarity of Regimens A and B, patients 



404 

a zdV n C Jj°Seth 




'■Err 


o’< 




Ke Sln ^- ^ 

i^atev-or !? e a «a/i- s ;„ f 3 ' d at a arn St0}e Os Tjr 


zz-itm. 


S EEj- 


.i iere “?S” ,s; ” 




^ 6 /, 


e 2 . 


s/f,V.-, ’ bcc Q iru,,. ? tb «do n ,.. 0 ]Ust : ' m,t 


3 * 2 P 0 0 / 


^po S n°^ taiDc d 




SsSSSSSasSasS^r 


« /.**««« *.* 

effect or t5j* 0 ^£rei i/3 'ecn SJ v ; ,? ,,s Aa s />^ d ? f 6 «« *D..£! re «a»ew , °° °r a,, 

bccf^y 


Prior i 




e< ?U 0 of 


„7°« 0/ tije ;°/ Wreptnf ec ^ith c Z nns bc onJ‘ irea ttQ 0 ' n r i ^t UtQ Z^at). \\" r o>or 0 

9 Ue n epn ojan- 0 Q 3 J’Citj , 0 fj o<ern, ,° 0;, ° t 0 „, -me] r 7 a ac / "7 joq 

f— 3 *C"« . Jar ycn,._ u,s *non»„ ^ec/.v- ‘°a»-o/ d ^ u ,fCo, a/ 


^sP£? 5^5S^SSPS 


2. 

*2 5 . 


(/jo 

OOfs 

PM'OOt’g 
°fthe 


.*>£»< %*!>« &??> «?*» »* , 




e °(s • 


^»„„. ai .t *«»«« 

<rta, 'tfo D ft! ,a . Wc °aas n 

“Vc^ls,,.,,, 

w °« 'iwiVT'"”-’ <■«,■„ l# "' Jt ’«tI! { ? ,i «» 

b* tttn **‘*c m '° >■000 . '"««''■» 


; l °r -B and SCDsh ^ity H 4 * a b*f* b 
"£» J. 00 J>„4* “ ^“on^... ' **'” 

cn >vgif!' tioa,s on n ■ 

the to - n sp dc off, e 8PPcr> n 

t °i).0 1 , h rtI ‘ofa nf J °> «(r.ii 

a Ppoxrec] * 7 ^ a ° f ^ ,,0 ‘ 


>« 


*O n 


re( JU!> 


'^ 5-3 
e» 


»••* i 3j 


r ^t a z'r j ypc t 


* ,s or th 0 


tests , 


*««»!« 


ubdiy? 1 - mitT> l>or of 

.... 00 *> <»«” ;- is « «*»,„, . 

Ptltn./Z' °'" J?! 0 ,-n ^^OVorf, * B /.•,' f-.f • ' ^ If# o j; 




W.V 




''’Pro 




Wlrti ns *A,v» rr ’ 1 




C£*. 



STBEPTOMTCIS-KKISTAOT TOBEKCIE MB' 


405 


• a "R frnnVc caseation or cavity 

among the 28 patients treated on Regimens , percent) and absent 

» frfei to have been present P™ r “^"ed on Regimen C, frank ease- 
in 10 (36 per cent). Among the R nt prior to treatment m 26 (oo per 

ation or cavity was judged to have b P herefore) n0 apparent basis for 
cent), absent in 21 (4o per cent ) There , ^ ^ q{ st tomycm . 

Analysis by Types o/ Pulmonary " 0S " ^ ^ 

For this analysis, P^sent prior to treat- 

two broad categories according to t P on the interpretation of pre- 

ment. The division has was made with a knowl- 

treatment roentgenograms, although this ime » 


■Resistant (> 10 -y) 
Intermediate: a) 10 y 
b) 5 y 

Sensitive (0.5 or 1.0 y ) 
Indeterminate* 



2S (100%) 


kegwenc 
patients and fee cent 


s(i7%: 


13 (28 % ) 

10 ( 21 %) 

19 (40%) 
5 (H%) 

47 ( 100 %) 


• Last positive culture duriug treatment 
(10 patients) but with cultures consistently negative p 

subsequently. 

c rimtrs Planigrams were used freely 
edge of collateral clinical and laboratory n | • on examination of 

whenever the presence of cavity was considered quest.o 

the conventional films. indeed to have been present prior 

On this basis, frank caseation or cavity wa j b ^ i es i 0 ns deeme d to 

to treatment in 56 patients, while m 3 pa i two groups are re- 

be frankly caseous or cavernous. Sensitivity data 

corded in table 2. . . recorded in table 2 : 18 (32 per cent) 

Of tbe 56 patients with caseation or cavity g treate d on Regimen C, 

were treated on Regimen A or B, 26 ( ' P e . ^ r cen t) were treated on 

4 (7 per cent) were treated on Regimen III, ana c, v p recorded in table 2: 
Regimen IV. Of tbe 31 patients without caseat ^ per cent ) were 

10 (32 per cent) were treated on Regimen A m cavity> therefore, a 

treated on Eegimen C’. In the group doM or durat i.n Crum the 

’ In a few patients there were slight deviations * more tha n minor. When toxic 

exact regimens listed, but in no instance was sue terminated within less than 42 days, 

manifestations of streptomycin caused treatment to be termma 

the patient has been excluded from this report. 
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isms in s uffi cient numbers to support growth. An unknown proportion of the 
patient’s bacilli may still be far more sensitive than such a reading indicates. 
These variables lead to reservations in the interpretation of sensitivity data now 
available, especially when results from one laboratory are compared with those 
from another in which different methods were employed. For this report, how- 
ever, all the tests recorded in table 1 and all but a very few of those recorded in 
table 2 were performed in the same laboratory by the same method. Moreover, 
the sensitivity level reported for each patient’s bacilli is generally based on 
repeated tests performed both during and after treatment. Thus the influence 
of technical factors upon the comparative data in the groups reported here has 
been minimized. 

It is difficult to establish an absolutely uniform relationship between in vitro 
resistance and in vivo resistance. This is not surprising when one considers not 
only the variables listed in the preceding paragraph but also the variables in the 
spontaneous behavior of pulmonary tuberculosis which have always made 
accurate evaluation of a single factor so difficult. Nevertheless, as Walker (17) 
has said (in summarizing data from the joint streptomycin study of the Army, 
Navy, and Veterans Administration), there is an accumulating mass of evidence, 
no one piece decisive in itself, which indicates that the observation of in vitro 
resistance has very real clinical significance. Experience in the Laurel Heights 
study strongly supports this conclusion. To say the least, streptomycin is very 
unlikely to affect a patient’s clinical course favorably, once resistant strains of 
tubercle bacilli appear in sufficient numbers to be demonstrated by the tests in 
liquid media which have been generally employed thus far in the study of this 
phenomenon. 

The exact level at which in vitro resistance become clinically significant is far 
more dubious. On the basis of both theoretical considerations and practical 
experience (11, 17, 18, 19, 20) there appears to be good reason for classifying as 
significantly resistant those strains of tubercle bacilli which grow readily in 
culture media containing 10 y of streptomycin per cc. and which require 50 y per 
cc. or more to inhibit growth. Certainly bacilli which do not grow in concen- 
trations of 1.0 7 per cc. or less must be considered highly sensitive. Patients 
who discharge bacilli with in vitro sensitivity between these two extremes have 
been tabulated separately in table 2. 

The total incidence of streptomycin-resistant strains of tubercle bacilli en- 
countered in this study (28 per cent of all patients included in table 1, 38 per cent 
of all patients included in table 2) is considerably lower than that reported from 
certain other sources (11, 17, 20, 21). It is possible that this difference results 
in part from the variables already discussed. It is undoubtedly a consequence, 
in part, to a difference in the method of reporting. In this report, the incidence 
of drug-resistant strains is expressed as a percentage of the total number of 
patients in a given category; in other reports the incidence has usually been 
expressed as a percentage of the number of positive cultures (or of patients 
producing positive cultures) at a specified interval of time after the start of treat- 
ment. It is believed, however, that a difference in case material is the most im- 
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from two to ten months after treatment had been completed. In every instance 
tubercle bacilli in the posttreatment specimen were sensitive to 10 y per cc. or 
less, and in 6 of the S the bacilli were still sensitive to 0.5 or 1.0 y. This ex- 
perience is, however, different from that of Fisher (11) who found resistant strains 
in posttreatment specimens from approximately one-half of his patients who had 
obtained temporary bacteriologic conversion but had had recurrence of positive 
sputum three to twelve months later. (Fisher does not state whether or not 
resistant strains had already been observed in any of these patients prior to tempo- 
rary sputum conversion.) At the present time one is compelled to regard sensi- 
tivity as indeterminate until the effect of the entire course of streptomycin 
treatment is definitely known. 

The Influence of the Type of Pulmonary Tuberculosis upon 
Sensitivity of M. Tuberculosis to Streptomycin 

Although the number of patients in table 2 is not large, the relationship 
between the type of tuberculosis being treated and the incidence of resistant 
tubercle bacilli appears far too close to be the result merely of chance. The 
patients in table 2 have been divided only into two broad categories of disease. 
Further subdivision would result in such small groups that the significance of any 
correlation observed might be questionable. It should be stated, however, that 
most (though not all) of the patients who had no frankly caseous or cavernous 
lesions Were patients with the tjqies of subacute or chronic pulmonary tubercu- 
losis mentioned previously, namely those with disseminated nodular pulmonary 
tuberculosis and those termed “grumblers” (8). ' In these patients, the tubercu- 
losis, while obviously active, was generally rather indolent in character. In 
contrast, the majority of the patients with frank caseation or cavity were treated 
for disease of much greater activity. In a considerable number, the tuberculosis 
was veiy active and rapidly progressive when treatment was started. It is 
believed that the activity of the tuberculosis was also a factor pertinent to the 
higher incidence of resistant strains in the caseous-cavernous group. 

During the early experience with streptomycin in Great Britain, which was 
recently reported (21), treatment of pulmonary tuberculosis was confined to 
acute progressive tuberculosis of “bronchopneumonic” type, with or without 
cavity, in patients between the ages of fifteen and thirty. On the basis of sensi- 
tivity data from 41 such patients, it was concluded that there is a possibility of a 
relationship between the severity of the patients’ clinical condition (high fever, 
large or multiple cavities) just prior to treatment and the development of high 
degrees of streptomycin-resistance. Also, Crofton and Mitchison (22), who 
participated in this cooperative British study, hav4 analyzed data from 13 of 
their own patients. They found that resistant strains occurred earlier and that 
resistance reached higher levels in patients who did poorly during the early stages 
of streptomycin treatment than in patients who responded promptly and 
favorably. 

In the Laurel Heights study, patients severely ill with the acute pneumonic 
forms of pulmonary tuberculosis have been relatively few. Included in table 2 
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presence of caseation or cavity on the basis of roentgenograms. In fact, even 
when frank caseation or cavity could not be demonstrated in the patients reported 
here, it is extremely likely that small foci of caseation often existed. Also, since 
tubercle bacilli were present in the sputum or gastric contents of all patients, it 
must be assumed that some degree of ulceration was present. In other words, 
it is well recognized that interpretations based largely on roentgenograms are 
bound to fall far short of strict pathological accuracy. Nevertheless, such inter- 
pretations have been made by phthisiologists long before the advent of strep- 
tomycin, and have long been used as an important guide to the management of 
patients. The practical value of such interpretations can scarcely be questioned. 

The presence or absence of frank caseation or cavity, as judged from roent- 
genograms, has already been shown to influence greatly the therapeutic results 
obtained from streptomycin (7, 11, 17, 19, 23). It is not unreasonable that the 
incidence of resistant tubercle bacilli should also be influenced. It is in such 
lesions (and especially in the highly active and progressive ones) that tubercle 
bacilli are likely to be most numerous, that multiplication is likely to be most 
rapid, and that suppression by streptomycin is likely to be most limited. 

In the present study the classification of patients on this basis actually pre- 
sented little difficulty, although, naturally, borderline cases arose. The vast 
majority of patients judged to have caseous disease also had definite and clearly 
demonstrable cavity. In fact only 2 patients were placed in this category on the 
basis of caseation alone. In instances where small cavity was suspected but 
could not be definitely outlined, cavity was judged not to be present for purposes 
of classification. 

Follow-up of patients treated at the Laurel Heights Sanatorium (7) has 
strengthened the conclusion that, when treatment by bed rest has failed, strep- 
tomycin alone is unlikely to produce sustained arrest of frankly caseous or 
cavernous pulmonary tuberculosis. In such cases, optimum results can be 
achieved only by the integration of streptomycin with appropriate forms of 
collapse therapy, resection, or other surgery. The observation that strains of 
tubercle bacilli resistant to streptomycin are especially likely to emerge, and that 
they often emerge rapidly in patients with frank caseation or cavity, further 
emphasizes the importance of an overall plan of therapy in such cases. It is only 
in this way that appropriate collapse therapy or other surgery can be applied 
promptly, early in the course of streptomycin therapy, before resistant strains 
emerge and prevent further benefit from" the drug. 

SUMMARY 

1. Data on the sensitivity of tubercle bacilli to streptomycin have been pre- 
sented in a series of patients treated with streptomycin for pulmonary tubercu- 
losis. All were treated for 42 days or longer. Among these patients, the risk of 
streptomycin resistance proved to be related far more closely to the type of 
tuberculosis being treated than to the particular treatment regimen chosen. The 
presence or absence of frank caseation or cavity appeared to be the factor which 
most consistently influenced the liability to resistant strains. 
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caseacidn o caverna en. las radiograffas anteriores al tratamiento. En un grupo 
de 56 de estos enfermos, tratados con los varios r6gimenes empleados en el es- 
tudio actual, surgieron con el tiempo cepas que no inkiblan 10 y de estrepto- 
micina por cc. de medio de cultivo en 33 (59 por ciento). En contraposici6n 
(e independiente del regimen terap6utico empleado), hasta la fecha no se han 
observado cepas que no inbibieran 10 y por cc. o menos en ninguno de los 31 
enfermos que no tenian lesiones francamente caseosas o cavernosas antes del 
tratamiento. 
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COEXISTING DISSEMINATED COCCIDIOIDOMYCOSIS AND 

TUBERCULOSIS 1 2 ' = 

Report of a Case 

GEORGE M. FIRESTONE AND ELLIS S. BENSON 
(Received for publication September 21, 19 IS) 

INTRODUCTION 

Coccidioidomycosis has become a well recognized and clearly defined disease 
entity and many excellent studies have been made of its epidemiology, patho- 
genesis, clinical manifestations, and pathology (3, S, 11). Although the parall- 
lelism of coccidioidomycosis and tuberculosis has been well studied (9), there 
have been only five reports (1, -1, 5, 0, 10) of the coexistence of the two diseases 
in the same individual. The present report is concerned with a sixth case, 
which is apparently the first observation of the association of disseminated 
coccidioidomycosis with tuberculosis and in which the dual etiology was proved 
both by culture and by animal inoculation. It is believed that this case mani- 
fests many epidemiologic, therapeutic, and pathologic features of unusual interest. 

CASE REPORT 

Clinical Course 

The patient was a 34 year old white single enlisted man who had been well, except for a 
chronic “cigarette cough” until early August, 1942, when he was stationed at an Army 
Camp at Compton, California, some twenty miles south of Los Angeles. Ho had been 
stationed at Compton less than one month prior to the onset of symptoms, but had resided 
in San Diego, California, from November, 1941 to June, 1942. Initial symptoms consisted 
of a stiffness and soreness in the right anterior cervical region. In mid-/\.ugust, because of 
this pain, a right lower tooth was pulled. Toward the end of August he noticed a gradual 
increase in size of the anterior cervical nodes, especially the right. This was associated 
with an aching in his neck which was aggravated by dorsiflexion and which kept him awake 
at night. During the month of August his cough increased in severity, and he developed 
general malaise, anorexia, and dysphagia. 

The patient’s past health had been excellent. He had measles and mumps in childhood, 
and lobar pneumonia at age 16. There is no history of tuberculosis or other chronic disease 
in himself or his family. 

On admission to the 73rd Evacuation Hospital, on September 3, 1942, the patient ap- 
peared to be a chronically ill malnourished individual. He had a small superficial nodule 
with intact dermis and surrounding erythema on the forehead and another over the left 
scapula. There was a 3 cm. tender hard mass anterior to the right sternocleidomastoid 
muscle, as well as somewhat tender nodes varying in size from “shotty” to “pigeon egg” 
in both axillae and right and left anterior and posterior cervical chains. Severe pyorrhea 
was present. The remainder of the physical examination was negative. 


1 From the Tuberculosis and Pathology Services of the Minneapolis Veterans Admin- 
istration Hospital and the Departments of Medicine and Pathology of the University of 
Minnesota Medical School. 

2 Published with the permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or the conclusions drawn by the author. 
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this period the local skin lesions were excised and treated with roentgen therapy. It was 
noted that gradually the old skin lesions healed completely although a new papule de- 
veloped on the ramus of the jaw. The lesions demonstrable on the chest roentgenograms 
cleared and the temperature gradual!}' became normal. 

On January 1C, 1013, the patient was transferred to McCloskey General Hospital where, 
upon admission, it was noted that he felt well, had no cough and no fever. Examination 
disclosed the well healed sears of the old lesions on the forehead, scapula, occiput, and ster- 
num, with an active crusted lesion present on the ramus of the jaw. Otherwise the physical 
examination revealed no relevant abnormalities. 

Roentgenograms taken at the time of admission showed pleural thickening in the right 
apex and an infiltration behind the right clavicle, which did not change on subsccpient ex- 
aminations through July 10, 1914. The apex of the left lung was clear. Films of the 
cervical spine were negative except for the presence of hypertrophic changes about the 
vertebral bodies. There was no essential change in the red cell count or hemoglobin. 
The white blood cell count, ranged between 5,950 and 9,000 per cu.mm, with? to21 per cent 
eosinophils. A skin test for tuberculosis using Purified Protein Derivative (first strength) 
was positive in May, 1943, but thirteen separate sputum examinations for acid-fast bacilli 
were negative. Except for one positive culture in March, sputum cultures for Coccidioidcs 
immitis were all negative during 1913. One feces culture for Coccidioidcs was reported 
positive in February, 1943. A guinea pig inoculation of material from a skin lesion was 
positive for Coccidioidcs immitis in June, 1943. Biopsies of the skin lesions were reported 
to show coccidioidal granuloma in February and May, 1943. 

Skin tests with coecidioidin 1 :1,000 and 1:100 were negative in March and October 1943. 
In December 1943, complement fixation tests showed a two plus reaction in the dilution of 
1:G4. The precipitin test, was negative. 

During 1943 the patient had only occasional episodes of low grade fever. In February, 
1943, new lesions appeared on the sternum and perineum, and these, as well as active lesions 
on the nose, forehead, and left lower mandible were treated with surgical cautery, with 
temporary benefit. 

From May, 1943 to January, 1944, the patient received several courses of saturated 
solution of potassium iodide in doses which ranged between 3.0 and S.O cc. administered 
three times daily. Although some healing of the lesions occurred during this therapy, 
they invariably relapsed when the iodide was discontinued. Moreover, the iodide therapy 
was accompanied by a transient enlargement of the thyroid. 

On September 11, 1944, the thyroid was noted to be normal to palpation, the skin lesions 
were quiescent, and the patient was given a medical discharge from the Army. 

The patient returned to his home in Minnesota, but was unable to return to work. A 
note in his record, dated September IS, 1944, states that there was no active evidence of 
disease. 

The patient was admitted to the Minneapolis Veterans Administration Hospital in 
January, 1945, at which time it was noted that he felt fairly well but was still very weak. 
He had been taking potassium iodide irregularly and had noted that occasionally his 
thyroid would “swell up.” Except for his appearance of malnutrition, physical examina- 
tion revealed no evidence of active disease. 

Roentgenograms at this time demonstrated old well-defined infiltrates in the right apex, 
right fourth anterior interspace, and left base, as well as a diffuse soft lesion in the left 
anterior second interspace (figure 2A). He was discharged after this examination. 

A letter dated Februar}' 25, 1945, from his physician states that the patient had been 
unable to work because of marked fatigue. An active granulomatous ulcerating lesion 
had appeared on his nose for which he was taking potassium iodide, 5.0 cc. daily, without 
effect. 

Roentgenograms in May, 1945 showed some increase in lesions in the right and left 
subapical regions. The urinalysis was negative and the hemogram was normal. One 
sputum examination was negative for Coccidioidcs immitis. The basal metabolism rate 
was plus 27. Serologic tests for syphilis were negative. 
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Roentgenograms of the long bones and skull were all normal in December, 1947. An 
intravenous pyelogram in December was also normal. Roentgenograms of the chest on 
admission (figure 2B) showed, in addition to the previously described metallic densities, 
diffuse exudative and nodular infiltrations radiating outward from the hilum through 
both lung fields, characteristic of a recent bronchogenic dissemination of tuberculosis or of 
a widespread mycotic infection. In Januany 194S, roentgenograms showed clearly, for 
the first time, evidence of bilateral cavitation chiefly involving the upper lobes. On Febru- 
ary 7, 194S, in addition (figure 2C), a diffuse miliary dissemination was seen throughout 
both lung fields. 

Results of serologic and bacteriologic examinations pertaining to coccidioidomycosis 
and tuberculosis are given in table 1. 



Fig. 2A. Roentgenogram in 1945, three years after onset, showing infiltration in left 
third interspace, right apex and right base. 

Coccidioidin skin test (1:1,000 and 1:100), each performed twice, were negative. Tuber- 
culin skin test (PPD # 1 and PPD #2) were negative. Heterophile antibody and cold 
agglutination tests were negative. 

Examination of material obtained by biopsies of the skin lesion and of the tonsil showed 
definite granulomatous changes with true tubercle formation. In the material obtained 
from the skin many typical double contoured spherules containing endospores were seen. 
Special staining failed to show acid-fast organisms in the skin lesion. Fewer spherules 
were seen in the tonsilar lesions and here many acid-fast organisms were demonstrated. 
Sectioned and smeared material from the sternal marrow and from the sputum showed no 
organisms or granulomas. 

Seven relatives of the patient, with whom he had been in close association since discharge 
from the Army, including the patient’s mother, were skin tested with coccidioidin in dilu- 
tion 1:100. All were negative at twenty-four and forty-eight hours. 

Cerebrospinal fluid examination on December 16, 1947, was negative. On January 15, 
the c.s.f. sugar was 53 mg. per 100 cc., the protein was 62 mg. per 100 cc. and microscopic 
examination disclosed SS white blood cells per cu. mm., of which 90 per cent were mono- 
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DISSEMINATED COCCIDIOIDOMYCOSIS AND TUBERCULOSIS 

creased markedly. Nonewskin lesions appeared after January 12, and the dermatitis never 
again became as active as it had been in mid-January. 

On February 7, the patient rapidly became more dyspneic and weaker. The respira- 
tions were shallow, and the rate was 30 per minute. The pulse rose to 14S and the rectal 
temperature to 101° F. The pulse, temperature, and respiratory rates remainded elevated. 
Fine scattered rales and occasional wheezes were heard throughout the chest. The blood 
pressure remained at 84/00 mm. of mercury. A chest roentgenogram revealed the presence 
of a miliary dissemination. The patient became cyanotic and oxygen was given. On 
February 0, a pleural-pericardial friction rub was heard, and three days later a pleural 
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Scattered throughout the sections of the lungs examined, in addition to the above type 
of granuloma, there were also seen numerous small and large masses of compact caseous 
necrotic material surrounded by epithelioid cells, multinucleated giant cells of the Lang- 
hans’ type, and small lymphocytes. The pulmonary parenchyma was completely de- 
stroyed in these areas. Acid-fast stains revealed that many of these latter contained acid- 
fast bacilli in the zones of epithelioid and giant cell reaction. An occasional Coccidioides 
immiiis cell was seen at the periphery of one of the small lesions of this type. 

Sections of one of the cavities in the lungs revealed it to be lined by a loose fibrous cap- 
sule and to be filled with a dense mononuclear cell exudate, chiefly composed of plasma 
cells, but also containing macrophages and multinucleated giant cells in a loose fibrous 
tissue network. There were numerous coccidioidal organisms seen, most of which were in 
the giant cells and macrophages. The central portion of the cavity was seen to contain 
basophilic necrotic debris in loose clumps. 

The spleen contained numerous small scattered granulomas, which contained large 
multinucleated giant cells, a few small lymphocytes, and plasma cells, and shreds of necrotic 
debris at their centers, with surrounding epithelioid cells and concentric rings of loose 
fibrous tissue. Occasional granulomas also contained neutrophils and eosinophils. Spher- 
ules of Coccidioides immiiis were found in the granulomas, usually within giant cells. 

The liver lobules contained a few of the same type of small granulomas, with organisms 
of Coccidioides immiiis. The portal spaces were diffusely infiltrated by lymphocytes, 
plasma cells and a few eosinophils, and contained an occasional multinucleated giant cell. 

The entire central portion of the right adrenal gland was replaced by large masses of 
caseous necrotic material, with only a thin rim of intact cortical cells. This material was 
surrounded by a broad zone of cellular reaction composed of masses of polymorphonuclear 
leukocytes, some small lymphocytes and plasma cells, and scattered eosinophils. The neu- 
trophils lay in dense pockets resembling small abscesses. There were a great number of 
coccidioidal organisms in both the caseous area and the surrounding reaction zone. Some 
of these were filled with or were discharging endospores which lay in proximity to small 
abscesses. Most of the organisms in the cellular zone were within ginnt cells. The left 
adrenal gland was similarly involved. 

The ulcers in the ileum extended to or through the muscularis mucosa, had necrotic 
bases and undermined edges. Under the necrotic base was found a broad zone densely 
infiltrated by small lymphocytes and plasma cells and containing scattered tubercles with 
caseous necrotic centers. No coccidioidal organisms were seen but special staining re- 
vealed the presence of numerous acid-fast bacilli. 

The small cavity in the left kidney contained clumps of slightly basophilic necrotic 
debris, many neutrophils, and a few mononuclear leukocytes. Spherules of Coccidioides 
lay chiefly in giant multinucleated or large mononucleated cells in the peripheral portions 
of the cavity. The wall of the cavity was composed of a dense zone of polymorphonuclear 
leukocytes. Scattered throughout the remainder of the cortex and medulla of both kid- 
neys were numerous small granulomas resembling those in the spleen, but containing a 
greater number of eosinophils and spherules. 

The ducts and acini of the prostate contained numerous abscesses filled with neutrophils 
and spherules. Many of the spherules contained endospores. The abscesses were sur- 
rounded by a zone of chronic granulation tissue, containing chiefly plasma cells, some 
lymphocytes, eosinophils and occasional spherules. 

The seminal vesicles were distended with caseous necrotic material and their epithelial 
lining was largely destroyed. The necrotic masses were surrounded by zones of epithelioid 
cells and lymphocytes extending into the surrounding stroma. No organisms of Coccidioides 
were seen, but numerous acid-fast bacilli were demonstrable with appropriate staining. 
The distal portions of the ducti deferens were similarly involved, but the epididymis was 
free of involvement. 

The thyroid gland contained a few small coccidioidal granulomas located within the 
interlobular connective tissue, which was partially hyalinized. The lobules were free of 
cellular infiltrate. 
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these cultures were grown on Sabouraud’s agar at room temperature. Positive 
cultures had an abundant white cottony growth in four to five days. From five 
to seven days later the growth had acquired a more fluffy appearance. Some 
of the growth was removed at this time from one representative culture (kidney 
abscess) and suspended in saline. On microscopic examination numerous chlam- 
ydospores were seen. This suspension was then injected intraperitoneally into 
a male guinea pig. After three weeks the guinea pig was given an intradermal 
injection of coccidioidin, 1:1,000. The test was read in thirty-six hours and 
was positive. The animal was then sacrificed. Typical spherules were re- 
covered from an abscess of a testicle on direct smear. This process was repeated 
on cultures of the urine and cerebrospinal fluid, with positive results in the 
latter. Both the testicles and spleen of the test animal were found to contain 
granulomas filled with organisms of Coccidioides immilis on histologic examina- 
tion. 4 

A record of the cultures for M. tubercidosis is also presented in table 1. Ma- 
terial for culture was concentrated and poured onto a slant of Petragagni’s 
medium, then incubated at 37.5° C. for three to eight w r eeks. Positive cultures 
had yellow, flaky, rough colonies which were as a rule identified on macroscopic 
examination. Questionably positive cultures were further investigated by 
examination of a direct smear of the cultures. The guinea pigs were inoculated 
subcutaneously in the abdomen and intramuscularly in the groin with spinal 
fluid and sputum concentrates. After two months, the animals w r ere sacrificed 
and examined for the presence of gross miliary tubercles in the spleen and liver. 
Using this method, only the sputum tvas found to contain M. tubercidosis. 

A culture on Sabouraud’s medium, obtained antemortem from the skin 
lesions, was sent to Dr. Robert M. Allen of the University of Nebraska College of 
Medicine. He injected the culture into mice and found coccidioidal spherules 
on histologic examination. 


DISCUSSION 

Histologic evidence of coccidioidal infection in this case w T as found in the 
lungs, liver, spleen, adrenals, kidneys, prostate, thyroid, meninges, brain, skin, 
hilar and mediastinal lymph nodes, and tonsils. There w r ere two types of 
histologic response to the Coccidioides invasion. The first type, a granuloma 
composed of multinucleated giant cells surrounded by a loose net of epithelioid 
cells w 7 as seen throughout the organs involved. The second type, a typical 
suppurative lesion, was seen chiefly in the prostate and kidney. A gradation 
between these two types of tissue reaction was seen in the adrenals. 

The granulomas in which Coccidioides imuniiis predominated differed from 
the tuberculous granulomas in their lack of caseation and less compact structure 
of the epithelioid cells (figure 3). The giant cells of the coccidioides granulomas 
did not show the regular peripheral crescentic placing of the nuclei as found in 

4 It may be noted that, at least in this laboratory, the testicle of the male guinea pig 
proved the most frequent site of growth of the coccidioidal organism after injection of 
culture suspensions. No growth was found after injection of culture suspensions into 
female guinea pigs. 
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obvious change in the course of the tuberculosis. It is not possible on the basis 
of this evidence to draw any definite conclusion as regards the influence of 
potassium iodide on tuberculosis. 

Neither can conclusions be drawn in regard to the use of massive doses of 
vitamin D : in coccidioidomycosis of the skin. However, the coccidioidal lesions 
cleared sufficiently during the period of administration of calciferol to warrant 
further clinical trial of the drug. 

Perhaps the most interesting observation was that of the differential effect 
of streptomycin, which it is believed definitely aided the healing of the patient’s 
pharyngeal tuberculosis, while his coccidioidomycosis grew worse. 

SUMMARY AND CONCLUSION 

A case of disseminated coccidioidomycosis which lasted for six years and was 
complicated by active tuberculosis is presented. The two diseases seemed to 
occur coincidentally, the individual coccidioidal granulomas being devoid of 
acid-fast bacilli, and the tubercles containing only' a few Coccidioides spherules 
at the periphery. The coccidioidomycosis terminated in a miliary dissemina- 
tion throughout the body, including the brain and prostate, as well as the more 
usual sites, but did not involve the bowel or renal pelves. The tuberculosis 
presented a definite “secondary'” or “adult” type of distribution in the lungs, 
pharynx, and bowel, as well as a hematogenous dissemination to the seminal 
vesicles. 

Streptomycin was of definite value in controlling the tuberculosis but did not 
affect the coccidioidomycosis, whereas potassium iodide and vitamin D2 in 
massive doses seemed to decrease some manifestations of the coccidioidomycosis. 
It is suggested that the latter drugs be given further trial in cutaneous cocci- 
dioidomycosis. 

SUHARIO Y CONCLUSIONES 

Cocddioidomicosis Difusa Coexistent con Tuberculosis 

El caso presentado es de cocddioidomicosis difusa de seis anos de duracidn, 
complicado por tuberculosis activa. Las dos enfermedades aparentemente 
coincidieron en su aparicidn, hall&ndose los distintos granulomas coccidioideos 
desprovistos de bacilos dcidorresistentes y conteniendo los tubdrculos apenas 
algunas esfdrulas de Coccidioides en la periferia. La cocddioidomicosis termind 
en difusidn miliar por todo el cuerpo, incluso el cerebro y la prdstata asf como 
los sitios m&s habituales, pero sin afectar el intestino o las pelvis renales. La 
tuberculosis mostrd una forma de distribucidn “secundaria” o “adulta” bien 
definida en los pulmones, faringe e intestino, asi como difusidn hematdgena a 
las veslculas seminales. 

La estreptomicina resultd de valor decidido en lo relativo a eohibir la tuber- 
culosis, pero no afeetd la cocddioidomicosis, en tanto que el yoduro de potasio y 
la vitamina D s a dosis masivas parecieron atenuar algunas manifestaciones de la 
ultima. La dltima droga podrfa muy bien ser objeto de nuevas pruebas en la 
cocddioidomicosis cutdnea. 
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VIABILITY OF TUBERCLE BACILLI IN EMBALMED HUMAN' LUNG 

TISSUE 1 

GORDON M. MEADE and WILLIAM STEENKEN, JR. 

(Received for publication April 26, 1948) 

INTRODUCTION 

In the course of a study of tuberculin conversions occurring among medical 
students at the University of Rochester School of Medicine, Rochester, New 
York, it was found that the majority of conversions which occurred during the 
four years of the medical curriculum occurred during the first and second aca- 
demic years. By far the majority occurred during the second year and it was 
concluded that these were due to contact with tuberculosis autopsy material (1). 
It was also noted, however, that a certain number of conversions took place 
during the first academic year when there was no known contact with cases of 
active pulmonary tuberculosis or with tuberculosis autopsy tissues. It seemed 
of interest, therefore, to investigate the possibility of infection of students from 
the tissues of cadavers used for dissection purposes in courses in anatomy. Dis- 
section cadavers are always embalmed and it has been generally assumed that 
embalming suffices to kill any tubercle bacilli present. However, a search of the 
literature revealed no study covering this particular point. With this in mind it 
was decided to investigate the question of the viability of tubercle bacilli in 
embalmed cadavers which had known pulmonary tuberculosis. This paper 
reports the results of such a study. 


METHOD 

A letter outlining the problem and the reason for the investigation was sent to approxi- 
mately eighty departments of anatomy in schools of medicine in the United States and 
Canada. A request was made that specimens of lungs from cadavers used for dissection 
purposes which were known, or suspected, to have had pulmonary tuberculosis during life 
be removed under as sterile conditions as possible and sent to us for study. It was requested 
that specimens be taken from previously undisturbed portions of the diseased lung; that 
they be removed under as aseptic conditions as possible, using clean sterilized instruments. 
It was also requested that specimens should be large enough that untouched areas could be 
dissected out upon receipt. Specimens were to be mailed in clean, preferably sterile, jars 
or other glass containers. On each specimen submitted, certain pertinent information was 
requested, to include the date of death, the stated cause of death, the date of embalming, 
the type and strength of embalming fluid used, the method of storage after embalming and 
the date the specimen was taken from the cadaver. 

Splendid cooperation was experienced and, in all, specimens were received from a total 
of sixteen different sources. 

Upon receipt the specimens were placed in refrigeration until examination and use of 
them could be made. Each specimen was separately examined and dissected with clean, 
sterilized instruments for gross evidence of tuberculosis. A number of specimens 
were discarded because in the portion submitted to us no gross evidence of tuberculosis 
could bo found. Prom those specimens showing gross evidence of tuberculosis pieces of 


1 Prom the Trudeau Sanatorium and Edward L. Trudeau Foundation. 
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cent water. Four bodies had been embalmed only sly months ; all showed many 
organisms on direct smear. One had been embalmed with the 25 per cent gly- 
cerin, 25 per cent formaldehyde, 50 per cent water formula; one with arsenic 
trioxide, phenol, formalin, water and KN0 3 ; and one with a formula the composi- 
tion of which was uncertain. 

Identification of organisms direct from tissues: In all instances material, usually 
caseous, was smeared directly on glass slides, stained for acid-fast organisms in 
the usual manner and examined at once before guinea pig inoculation. An ap- 
proximation of the number of organisms seen was made, using the terms many, 
few, occasional and none. Thirteen of the 24 specimens were rated as having 
many organisms (usually this meant that the slide showed a myriad of organ- 
isms); four were rated as showing few organisms; six were rated as showing oc- 
casional; and there was only one specimen which showed no organisms on smear. 
In the case of this last named specimen, however, the stated cause of death was 
.pulmonary tuberculosis and there were both gross and histologic evidences of 
tuberculosis. On smear the organisms from all specimens were typical acid-fast 
organisms which resembled tubercle bacilli in every respect and presented no 
abnormalities of staining properties or morphology. 

Histologic examination of tissues: The tissue taken from the specimens for 
histological study in every instance showed typical tuberculous reactions. 

Results of tuberculin tests: All guinea pigs were tuberculin skin tested two and 
three months after inoculation. Tests were made with 5 per cent Old Tuber- 
culin. Table 1 shows the results of these testings. The usual standard for a 
positive reading of 5 by 5 mm. of induration with or without erythema was used. 
A 5 to 10 mm. reaction was rated as 1 + ; 10 to 20 mm. as 2+. The guinea pigs 
from 17 of the 24 specimens were entirely negative throughout the experiment 
■with respect to tuberculin reactions. Some of the test animals showed defi- 
nitely positive reactions at the end of two months but showed a negative or 
doubtful reaction at the end of three months. The animals inoculated from one 
specimen, A-25, were notable in that both guinea pigs showed definitely positive 
reactions when examinedat two and again at three months after injection. Both 
of these animals were also the only ones of the entire group which showed any ab- 
normality on postmortem, namely, slight, firm, noncaseating enlargement of the 
inguinal and iliac lymph nodes with no gross evidence of tubercle formation. 

It is not unjustified to speculate that the positive tuberculin reactions with 
negative evidence of disease were induced by the presence of large numbers of 
dead tubercle bacilli. The reality of the establishment of hypersensitivity in 
such a manner has been well established (2, 3). In the .present study, the 
measurement of the numbers of tubercle bacilli present was veiy rough but pos- 
sibly gave some comparative estimate . In those 7 animals which at two or three 
months showed a positive tuberculin reaction, the rating of number of tubercle 
bacilli on smear was many in 5, occasional in one, and none in one. On the 
other hand there were 8 specimens rated as having many organisms whose inocu- 
lated guinea pigs showed no, or questionable, evidence of a positive reaction. 

Results of guinea pig inocidation: In all, 48 guinea pigs were inoculated, two 
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3. No guinea pigs died of tuberculosis and none showed evidence of disease 
at autopsy three months after inoculation. 

4. It is concluded that under the conditions ordinarily prevailing tubercle 
bacilli are not viable in lungs of embalmed Medical School dissection cadavers 
at the time of dissection. 


SUMARIO Y CONCLUSIONES 

Yiabilidad dc los Bacilos Tubcrculosos cn cl Tcjido Palmonar 
Humano Embalsamado 

1. Inyectdse en cobayos tcjido pulmonar cargado con bacilos tubcrculosos, 
obtenido de 24 caddveres utilizados para diseccion anatdmica en facultades de 
medicina. 

2. Algunos de los animales inyectados manifestaron reacciones positives a la 
tuberculin a al cabo dc dos o tres meses. 

3. Ningun cobayo muri6 de tuberculosis ni ninguno mostrd signos de enferme- 
dad en la autopsia a los tres meses de la inoculacidn. 

4. Dediicese que, en las condiciones que reinan habitualmente, los bacilos 
tuberculoses no son tables en los pulmones de los caddveres embalsamados para 
disecci6n al liacerse la ultima. 
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while the growth of the streptomycin-resistant strain averaged 2.2. After the 
initial lag period of approximately 12 days, the growth curve of the control strain 
was found to be consistently higher than that of the resistant strain (figure 1) and 
at the end of the experimental period of 45 daj'-s the growth of the resistant strain 
was about 55 per cent of that of the control strain. Since the rate of growth of 
the two strains within a given period of time may be the basis for testing tubercu- 
lostatic action in vitro, it was logical to assume that the comparison of the growth 
curves over the entire experimental period would furnish more information than 
the single comparison of growth at the termination of the experiment. In this 



Fig. 1. Difference in growth rate of streptomycin-resistant strain (A27) as compared 
with the control strain in Kirchner’s medium. The points represent the average growth 
of 9 flasks at successive intervals of time. 

respect the problem is similar to that of a bio-assay (6, 7) in which the effect of a 
biological product is determined over a range of concentrations and not at just 
one concentration. 

In adopting a bio-assay technique it was necessary to make the assumption that 
the logarithm of the growth measurement has a linear relation to the time. Tests 
of this assumption have been made on the data under consideration and no signifi- 
cant departure from linearity has been found. In the statistical analysis of the 
difference in the growth of the control and resistant strains, the mean growth read- 
ings for each strain were converted into logarithms and straight lines fitted to the 
points by the method of least squares (8). In figure 2 are represented the recti- 
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fied growth curves shown in figure 1. The equations of these rectified curves as 
determined by least squares are — 


and 


yj = 0.0054 + 0.015 ti 


y 2 = 0.3305 + 0.016 1, 

where yi and ti are respectively the log growth and the time for the control strain, 
and y 2 and t 2 stand for the same variables in the resistant strain. 



Fig. 2. Log growth of control and streptomycin-resistant strains with adjusted curves 
by the method of least squares . The difference of 36 and 16, or 20, days represents the differ- 
ence in time required for the resistant strain to reach the same amount of growth ns tho 
control strain. 

These rectified curves are also plotted in figure 3 and 4 on semi-log paper. In 
these figures are shown the curves representing a multiple of the standard error of 
estimation of the average growth at each point along the curve. In figure 3 this 
is represented for the control strain by the 95 per cent confidence band. 4 The 
minimum error of estimation occurs near the growth of 1.8 which in log units is 
near 0.25 (figure 2). In figure 4 the confidence band for the resistant strain is 
shown. 

< Since the growth rate was greater in the control strain, the observable deviations from 
the mean were greater. This is represented by the wider spread of the confidence band 
(figure 3) as compared with the confidence band of the resistant strain (figure 4). This also 
explains the deviation of some of the points from the straight line C in figure 2. 
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Using the log growth of 0.25 ns the estimated growth at the point of approxi- 
mate minimum error, the time when the control and resistant strains reached this 
growth could then be determined. In figure 2 this point on the curve of the con- 
trol strain corresponds to 10 days. The same amount of growth on the curve of 
the resistant strain corresponds to 3G days. The difference of 30 minus 10, or 20 
days, is the measure of retardation of growth of the resistant strain. 



TIME IN DAYS 

Fig. 3. Rectified growth curve of the control strain and the 95 per cent confidence band. 
The minimum error of estimation is the point on the growth band which most closely ap- 
proaches the confidence band. 

Invasiveness of the streptomycin-resistant arid control strains in the chorio-allanioic 
membrane of the chick embryo: In order to determine the relative degree of in- 
vasiveness of the 2 strains in the chorio-allantoic membrane of the chick embryo, 
7 experiments were carried out in which the resistant and the control strains were 
each inoculated on the membranes of the 8 day old chick embryo. The technique 
of preparation and mode of inoculation were the same as previously described 
(9, 5) with 1.0 mg. of bacilli in each 0.2 cc. of inoculum. In these experiments the 
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resistant strain was obtained from the fifth to the sixteenth passage in 0.5, 1.0 and 
4.0 y per cc. of streptomycin respectively. The membraneswere harvested 6 daj^s 
after inoculation and the inoculated areas fixed, excised, and the size and number 
of tubercles counted. Table 1 gives the average tubercles per membrane for the 
experimental and control groups for the 7 experiments. From the data obtained 
during the brief 6 day experimental period, it was not possible to demonstrate a 
consistent difference in the degree of invasiveness of the resistant and control 
strains. However, some of the same suspensions used for the chick embryo tests 



TIME IN DAYS 

Fig. 4. Rectified growth curve of the slowly growing resistant strain with the 95 per cont 
confidence band. The curves representing the limits of the confidence band are based upon 
a multiple of the standard error of estimation of the average growth at each point along the 
growth curve. 

were also used for inoculation into guinea pigs so that the course of the infection 
might be observed during a longer period. 

Pathogenicity of the resistant and control straws after inoculation into guinea ; pigs : 
To dete rmin e the degree of invasiveness of the streptomycin-resistant strain as 
compared with the control in guinea pigs, 4 experiments were carried out with 
some of the same bacterial suspensions as were used in the preceding experiments. 
In experiment 1, inoculations were made from suspensions after the fifth pas- 
sage; in experiment 2 after the seventh passage in 0.5 y percc. streptomycin; in ex- 
periment 3 from suspensions of the twelfth transfer in 3.5 y per cc. streptomycin ; 
and in experiment 4 from suspensions of cultures of the sixteenth transfer in 4.0 y 
per cc. streptomycin. At the time of the twelfth passage the strain in strepto- 
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streptomycin, had a somewhat higher weight curve than the untreated group in- 
fected with the control strain. 

The slight drop in weight at 13 weeks was probably a result of the intracutane* 
ous administration of .01 mg. of PPD. Of the 10 animals given PPD in the un- 





Fig. 5. Average weight curves of guinea pigs inoculated with the streptomycin-resistant 
strain (A27-R) and the control strain (A27-C): 

Experiment 1. (Top) After 5 transfers in 0.5 y per cc. streptomycin. 

Experiment 2. (Center) After 7 transfers in 0.5 y per cc. streptomycin. 

^Experiment 3. (Bottom) After 12 transfers in 0.5 y to 3.5 y per cc. streptomycin (Table 2). 

treated group inoculated with the resistant strain, 7 were positive; while of the 10 
of the treated group, 8 gave a pronounced positive reaction. In the untreated 
control group, 4 of the 5 survivors gave positive reactions while all of the 17 in the 
treated group, which had received the control A27 strain, gave positive PPD reac- 
tions. 
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The survival time and the extent of tuberculous involvement for each animal of 
the 4 groups are given in table 3. At the termination of the experiment the mor- 
tality of the control group was SO per cent while that of the group infected with 
the control strain and treated with streptom 3 r cin was 15 per cent. The mortality 
for both the streptomycin treated and untreated groups of guinea pigs which had 
been inoculated with the resist ant strain was 60 per cent. The tuberculosis index 
of the guinea pigs inoculated with the A27 control strain was 12.2 while that of 
the control strain treated with streptomycin was 2.2. There was no difference in 
the tuberculosis index between the untreated group infected with the control 
strain and the treated group infected with the resistant strain. The untreated 
group infected with the resistant strain had a tuberculosis index of 9.2 while that 
of the treated group infected with the resistant strain was 12.2. The results of 
this experiment clearly indicate that treatment with streptomycin of tubercu- 
lous guinea pigs infected with the streptomycin-resistant strain of tubercle ba- 
cilli had no therapeutic effect on the course of the disease. 

SUMMARY 

1. The slow growing virulent human strain of tubercle bacilli (A27) has been 
made resistant to streptomycin by successive passages in Kirchner’s medium 
with increasing concentrations of streptomycin. After 17 passages the degree of 
induced resistance was from an original sensitivity of 1.0 to 1.5 y per cc. to a 
tolerance of 5.0 y per cc. 

2. The growth of the resistant strain in Kirchner’s medium was slower when 
compared with the control strain. When the growth curves were subjected to 
statistical analysis it was found that the growth of the resistant strain was re- 
tarded on an average by 20 days. 

3. The virulence of the resistant strain was indistinguishable from that of the 
control strain when tested by the short term technique of inoculation of the 
chorio-allantois of the chick embryo. 

4. When tested in guinea pigs by intraperitoneal inoculation of 0.25 mg. to 1.0 
mg. of tubercle bacilli and terminating the experiments 42 days after infection, 
the results of three tests showed a slightly reduced tuberculosis index and a 
higher average weight curve for the animals infected with the resistant strain. 
In a fourth experiment with 0.5 mg. of tubercle bacilli as the infecting dose with 
each strain, and the experiment terminated 14 to 15 weeks after infection, the 
mortality for the group infected with the resistant strain was 60 per cent as 
compared with 80 per cent for the control group and the tuberculosis index was 
9.2 as compared with 12.2 for the controls. 

5. Streptomycin therapy in doses which gave a high degree of protection in 
animals infected with the control strain was ineffective in infections with the 
resistant strain. 

SUMARIO 

Resistencia Adquirida del M. Tuberculosis a la Eslrepiomicina in vitro y Com- 
portamiento del Mismo en las Infecciones Experimentales 

1. La cepa humana de bacilos tuberculosos, virulenta y de desarrollo lento 
(A27) se convirtid en estreptomicinorresistente mediante pases sucesivos por el 
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ROUTINE EXAMINATION OF SPUTUM FOR ACID-FAST BACILLP 
DAVID G. FREEMAN AND MAX PINNER* 

(Received for publication May 11, 19-iS) 

For the past several years the sputum and gastric contents of all patients ad- 
mitted to this institution have been routinely examined by both microscopic and 
cultural methods. In an effort to determino the value of the methods used and 
the efficacy of the routine as a whole, an annlysis has been made of the results ob- 
tained over a period of four years from January 1, 1940, when the routine was well 
established, to January 1, 1914. During this period, very few changes were made 
in the routine method, technical staff, or type of patient admitted. It has been 
possible, therefore, to make a fairly reliable evaluation of the relative perform- 
ance of the various methods over a significant interval. 

MATERIALS AND METHODS 

Baclcriologic Procedure 

The method of bacteriologic examination used routinely in this laboratory is as follows. 
Upon admission of the patient, tlxree successive sputum specimens are sent to the labora- 
tory as quickly as they can be collected in adequate amount, preferably within a period of 
ten days. These are examined for acid-fast bacilli by direct smear and, if negative, are 
concentrated. If all tliree specimens are negative for acid-fast bacilli, the third specimen 
is routinely cultured. The second or even the first specimen may occasionally be cultured, 
however, if the clinical condition of the patient warrants. Following the third admission 
specimen, the sputum is examined every one or two months, or more often if necessary. 
If the concentrate is persistently negative for tubercle bacilli, it is routinely cultured. If 
the sputum is repeatedly negative for tubercle bacilli, or if little or no sputum is available, 
the gastric contents are examined and all such specimens are cultured. Guinea pig 
inoculation is used onlyin special instances, usually in cases in which the roentgenographic 
appearance of the lesion seems to belie the persistently negative bacteriologic findings. 

All smears for microscopic examination are stained individually by the Zielil-Neelsen 
method and are examined intensively for a period of not less than five minutes. Concen- 
trates are made by the addition of an equal volume of 3 per cent sodium hydroxide to the 
sputum or gastric specimen and incubating with frequent shaking for one to two hours. 
Cultures are made on a minimum of four tubes of the modification of Petragagni’s medium 
described in Diagnostic Standards*. About 0.5 cc. of neutralized digest are inoculated 
into each tube by means of a capillary pipette and the tubes are incubated for a period of 
not less than two months before being discarded. All positive cultures are smeared for 
confirmation. 


Composition of Material Subjected to Analysis 

In the evaluation of the results of this analysis, several points must be borne in 
mind. The patients admitted to this institution are a rather highly selected 

1 From the Mootefiore Hospital Country Sanatorium, Bedford Hills, New York. 

* Doctor Pinner died on January 7, 1948. 

s Diagnostic Standards and Classification of Tuberculosis, published by the National 
Tuberculosis Association. 
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A few gastric specimens strongly positive on concentrate were not cultured. 


ROUTINE SPUTUM EXAMINATION 
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should be noted that examination of sputum by direct smear in this institution 
reveals acid-fast bacilli in only one-third of the patients with pulmonary tuber- 
culosis in spite of the fact that great precautions are t alien to choose a satisfac- 
tory sputum particle for smear. 

The results presented in table 3 also serve to emphasize the importance of the 
examination of the gastric contents in the routine search for tubercle bacilli. It 
may be seen that 22.9 per cent, or almost one out of every four cases, is found 
to be positive for the first time by this method. Gastric examinations are 
frequently performed after repeated examination of the sputum, often with cul- 
ture as well as concentration, has been unsuccessful, or when little or no spu- 
tum is available. Thus a large proportion of minimal and treated cases is in- 
cluded. By far the largest number of cases first found to be positive for 
acid-fast bacilli by examination of the gastric contents is discovered by culture 
and the overall increment by microscopic examination of the concentrate (5.2 


TABLE 3 

Analysis of lypc of examination which resulted in first detection of acid-fast bacilli 


YEAH OP ADMISSION 
TO SANATORIUM 

NUMBER. OF 
PATIENTS FOUND 
TO BE POSITIVE 
BY SOME 
METHOD DURING 
SANATORIUM 
STAY 

SPUTUM 

GASTRIC 

Smear 

Concentrate 

Culture 

Concentrate 

Culture 

Num- 

ber 

Per 

cent 

Num- 

ber 

Per 

cent 

Num- 

ber 

Per 

cent 

Num- 

ber 

Per 

cent 



1940 

ICO 

57 

35.7 

45 

28.1 

29 

18.1 

8 

5.0 

21 

13.1 


158 

53 

33.6 

40 

25.3 

32 

20.2 

5 

3.2 

28 

17.7 

1942 

158 

49 

31.0 

4S 

30.4 

17 

10.8 

13 

S.2 

31 

19.6 

1943 

135 

49 

36.3 

.... 

29 

21.5 

23 

17.0 

6 

4.5 

28 

20.7 

Total 

611 

m 
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471 

'77.1 



is 


140 

22.9 


per cent) is so small as to be hardly worth the time spent in studying the slides. 
It has become a routine practice, therefore, to examine microscopically only 
those gastric specimens which can reasonably be expected to be positive on 
clinical and roentgenographic grounds, or on the basis of previous bacteriologic 
examinations. 

All methods combined account for positive findings in only 86.2 per cent of 
the patients studied; in the remaining 13.8 per cent all specimens were negative 
on repeated examination (table 4) . Unfortunately, guinea pig inoculations were 
not done on most of these cases but, wherever done, were also negative. This 
group of 98 cases is analyzed in table 5. About one-third (35 per cent) are 
patients in ■whom effective collapse therapy had been instituted prior to ad- 
mission and whose sputum was presumably positive for tubercle bacilli before 
such therapy was begun. An additional third consists of patients with inactive 
disease, as evidenced by serial roentgenograms (28 per cent), and a few cases of 
pleural effusion without demonstrable parenchymal infiltration (5 per cent). A 
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cent would have been found positive if a larger number of specimens had been 
examined, it is important from a practical standpoint to determine what pro- 
cedures constitute a satisfactory bacteriologic investigation. The 611 positive 
cases were therefore analyzed to determine how many specimens had to be ex- 
amined before a positive specimen was found by any method, and the results are 
tabulated in table 6. It will be noted that one-half (51.5 per cent) of the cases 
were found to be positive for acid-fast bacilli on the first examination. This 
usually included direct smear and concentrate, as well as a small proportion of 
gastric examinations (including culture) in those patients who either did not 
bring up sputum or had not yet learned how to do so. The high percentage of 
positive findings in the third specimen was largely a result of the fact that this 
specimen was cultured routinely if the preceding specimens were negative. Of 
particular significance is the fact that 82.5 per cent of the cases were found to be 
positive after three examinations (including at least one culture if the micro- 
scopic methods yielded negative results). Each subsequent examination added 
a very small increment. In all these respects the figures show a remarkable de- 
gree of constancy for the various yearfy periods. 

COMMENT 

The importance of the culture method in examinations for acid-fast bacilli is 
clearly indicated by all the forms of analysis followed. In this institution the 
contribution of the use of culture was of a high order as it provided an incre- 
ment of 30 per cent of positive findings in cases found negative for acid-fast bacilli 
by microscopic methods. Moreover, the use of cultures was the means of de- 
tecting the first acid-fast bacillus in one-third of the cases found positive by all 
methods combined. These particular values, however, are significant only 
within the routine framework employed and may not be extended to other sit- 
uations without consideration of several variable factors. 

The character of the ■patient group: The role played by culture becomes increas- 
ingly important as the number of bacilli in the specimen diminishes toward and 
beyond the limit of sensitivity of the microscopic method used. The present 
series includes a considerable number of patients with early and minimal lesions, 
as well as a significant number convalescing from surgical procedures such as 
thoracoplasty. Of this group only 66 per cent were first detected by the micro- 
scopic methods. In contrast to this, in a series of 507 patients analyzed by 
Pinner and Werner (1), over 60 per cent were classified as far advanced, and over 
90 per cent were first found positive for acid-fast bacilli by the use of microscopic 
methods. Similarly, in 82 per cent of a series of 1,657 adult patients recently re- 
ported by Sanford (2), the first detection of acid-fast bacilli was made by micro- 
scopic methods. The death rate during the sanatorium treatment of this group 
was 34 per cent. Culture plays its greatest role in the identification of the rela- 
tively rare organisms in the pulmonary secretions of early, healing, and surgically 
treated cases, and therefore becomes progressively more important as the num- 
ber of such cases increases in any patient group. 

The quality of the microscopic methods: The performance of the culture methods 
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routine can be readily made, however, if the laboratory is kept informed of exist- 
ing problems, and close cooperation between laboratory and clinic may save a 
great deal of time and effort on both sides. 

SUMMARY 

An analysis of the results of routine examination for acid-fast bacilli of sputum 
and gastric contents over a four year period clearly demonstrates the important 
contribution of the cultural method within the routine framework employed. 
Culture is at least two to five times as effective as the microscopic methods in 
spite of selective weighting of the figures. In addition, it provides an increment 
of 30 per cent of positive findings in specimens found negative by the microscopic 
methods used and is a means of first detecting acid-fast bacilli in one-third of 
cases found positive by all methods combined. The importance of culture of 
gastric contents is emphasized, this method accounting for the first positive find- 
ing in 23 per cent of cases. All of these figures show remarkable constancy for 
each of the yearly periods. Of those cases found positive at some time during 
their hospital stay, 82 per cent were revealed by the first three examinations. 
Of all 709 patients studied, 14 per cent remained negative on repeated examina- 
tion. Two-thirds of these patients, however, had cither been previously treated 
or were roentgenologically inactive. If these cases are eliminated, acid-fast 
bacilli were demonstrated by microscopic and/or cultural methods in 95 per cent 
of patients in whom such a finding could be reasonably expected. 

SUMARIO 

Examcti Sistcmdlico del Espulo cn Busca dc Bacilos Acidorresislentes 

Un andlisis de los resultados obtenidos con el examen sistcmatico del esputo y 
el contenido gdstrico en busca de bacilos acidorresistentes durante un cuatrienio 
demuestra claramente el importante aporte del mdtodo cultural en relacidn con 
el sistema empleado. El cultivo results a lo menos dos a cinco veces mds eficaz 
que las tdcnicas microscdpicas a pesar de la valuacidn selectiva de las cifras. 
Ademas, suministra un incremento de 30 por ciento de hallazgos positivos en los 
ejemplares que resultan negativos con las tdcnicas mieroscdpicas usadas y ofrece 
un medio de distinguir los primeros bacilos dcidorresistentes en la tercera parte 
de los casos que resultan positivos con todas las tdcnicas combinadas. Recdlcase 
la importancia que revisten los cultivos del contenido gdstrico, correspondiendo 
a esta tdcnica el primer hallazgo positivo en 23 por ciento de los casos. Todas 
estas cifras muestran notable constancia para cada uno de los periodos anuales. 
De los casos que resultaron positivos en alguna dp oca durante su hospitalizacidn, 
82 por ciento fueron descubiertos durante los primeros tres exdmenes. De los 
709 enfermos estudiados, 14 por ciento permanecieron negativos a travds de 
exdmenes repetidos; pero dos terceras partes de dstos o bien hablan sido tratados 
antes o eran radiograficamente negativos. Eliminando estos casos, se encontra- 
ron bacilos dcidorresistentes con las tdcnicas microscdpicas y/o culturales en 95 
por ciento de los enfermos en los que cabla razonablemente esperar dicho 
resultado. 
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A STUDY OF THE BACTERIOSTATIC AND BACTERICIDAL ACTIVITY 
OF PROMIN, DIASONE, SULFATHIAZOLE, SULFAGUANIDINE 
AND STREPTOMYCIN ON THE H-37V. STRAIN OF M. 
TUBERCULOSIS* 

K. T. SASANO 

(Received for publication January 14, 194S) 

INTRODUCTION 

The trials that have been conducted in the chemotherapeutic treatment of tu- 
berculosis in the past few years have revealed that only partial success is at hand. 
It is evident that it is not enough to obtain clinical cure through the use of anti- 
biotic or other therapeutic drug even if the clinical improvement is dramatic. 
Because of the nature of the pathology of tuberculosis, it seems that any chemo- 
therapeutic agent to be most effective in tuberculosis must have bacteriostatic as 
well as bactericidal properties. The exact action of the substances which have 
been used therapeutically in recent years is not clearly known and there has been 
insufficient work done on these substances in the laboratory, especially in relation 
to their bactericidal properties on M. tuberculosis. The present report concerns 
an investigation of the bacteriostatic and bactericidal properties of promin, dia- 
sone, sulfathiazole, sulfaguanidine, and streptomycin. The strain of M. tubercu- 
losis of human origin H-37v. was the one chosen for the study. 

In these studies the bacteriostatic effect was determined by the growth of the bacilli 
in a liquid culture medium to which various amounts of the drug to be tested were added 
to a series of culture tubes. The culture media used consisted of a modified Proskauer 
and Beck medium and the Dubos Tween-albumin medium. The growth of the bacilli 
was determined after twenty days of incubation at 37.5°C. 

RESULTS 

The bacteriostatic effect of the drugs tested is shown in table 1. It will be 
noted that streptomycin was the most, and sulfaquanidine the least, effective 
bacteriostatic agent of the drugs tested. In another experiment not shown in the 
table it was found that the addition of penicillin to the streptomycin dilutions did 
not materially enhance the tuberculostatic effect of streptomycin. 

From these experiments it would seem that streptomycin and sulfathiazole gave 
the greatest promise for a possible favorable chemotherapeutic effect. 

The bactericidal effect of the various compounds was determined by exposing 
a suspension of tubercle bacilli which contained one mg. (wet weight) of organ- 
isms per cc. of normal saline solution to different concentrations of the substance 
to be tested. 

At one, twenty-four and forty-eight hour intervals after the bacilli were brought in 
contact with the drug, one cc. of the bacillary suspension was removed and washed in 20 


1 From the laboratory of J. C. R. S. Sanatorium, Spivak, Colorado. 
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TABLE 2 


Bactericidal effect of various drugs on tubercle bacilli (cultures and animal inoculations were 
done with teashed bacillary suspensions ) 


CONCENTRATION 

DRUGS 

CULTURE AFTER HOURS OP CONTACT 
WITH DRUGS 

GUINEA PIGS 
INOCULATED 
WITH 

1 hr. 

24 hrs. 

4S hrs. 

0.5 cc. of 48 
hr. sample 

nj. ftr 100 cc. 






1,000 

Streptomycin 

— 

XX 

XX 

X 

500 

Promin 

0 

XXXX 

xxxx 

xxxx 


Diasone 

0 

XXXX 

xxxx 

xxxx 

400 

Streptomycin 

— 

XX 

XXX 

X 

333 

Promin 

0 

xxxx 

xxxx 

xxxx 


Diasone 

0 

xxxx 

xxxx 

xxxx 

250 

Promin 

0 

xxxx 

xxxx 

xxxx 


Diasone 

0 

XX 

XXX 

XX 

200 

Streptomycin 

— 

XX 

XX 

X 

100 

Promin 

0 

XXX 

xxxx 

xxxx 


Diasone 

0 

X 

XX 

XX 


Sulfatliiazole 

0 

0 

0 

0 


Sulfaguanidine 

0 

0 

0 

0 


Streptomycin 

— 

X 

XX 

X 

Bacillary control bus- 


0 

0 

0 

0 

pension 







Explanation of symbols (bactericidal effect): 

xxxx = No growth on egg yolk medium: no tuberculous lesion in guinea pigs, 
xxx ■= One or two colonies on culture: only local or lymph node lesion in guinea pigs, 
xx = Few colonies on culture: moderate number of tuberculous lesions in spleen and 
liver. 

x = Good growth on culture: generalized tuberculosis but not so extensive as in con- 
trols. 

0 — Heavy growth on culture: massive generalized tuberculosis in guinea pigs. 

— = No test. 


TABLE 3 


Comparative bacteriostatic and bactericidal efficiencies of various drugs on M. Tuberculosis 


DRUGS 

BACTERIOSTATIC CONCENTRATION 
IN MG. PER 100 CC. 

BACTERICIDAL CONCEN- 
TRATION 

IN MG. PER 100 CC. 

Minimal 

inhibition 

Complete 

inhibition 

48 hours exposure 
to drugs 

Promin 

10 

40 

100 

Diasone 

15 

50 

333 

Sulfathiazole 

1 

5 

Absent 

Sulfaguanidine 

20 

100 

Absent 

Strep tomvein 

0.01 

0.05 

? 


(?) Some bacilli were killed but some were viable after exposure to all concentrations; 
10:1,000 mg. per 100 cc. 
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static and bactericidal properties, with promin the morn active of the two; (2) sulf- 
athiazolc possesses bacteriostatic activity to a high degree without appreciable 
bactericidal effect: (o’) sulfuguanidino has much less bacteriostatic effect than 
sulfathiazole and is not bactericidal: (.}) streptomycin exhibits the greatest bac- 
teriostatic effect but has only slight bactericidal activity; (,•>) the bacteriostatic 
effect of streptomycin is not altered by the presence of penicillin. 

sr.MAitto 

Esludio, can la Ccpn 7/-o?c drl Bncila Tuberculosa, dr hi* Propicdades 
Bachriodalican y Jiactrricidim dr la Brian inn. In Diasonn, 
cl Sulfoliazol, hi Sidfayunniditui y hi Eslrrplontir.iua 

Por los cstndios do laboratorio ejecutados con tina cepa estrcptomieinosensible 
del bacilo tuberculoso II-37v. sc ha dcscuhierto (pie: (1) la prornina v la diasona 
posecn propiedadcs tanto bncteriostutious eotno baetcrieidas, siendo la protnina 
la mas activa dc las dos; (2) el sulfatiazol mnestra alia aetividad baeteriostatiea 
sin aprcciable cfccto bactericida: (3) la sulfaguanidina ejeree mueho menor efecto 
bacteriostatico quo el sulfatiazol y no es bactericida ; (!) la estreptomicina niani- 
ficsta el mayor efecto bacteriostatico pero apenas posee aetividad bactericida. 
y (5) cl cfccto bacteriostatico do la estreptomicina no os alterado por la preseneia 
dc pcnicilina. 
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3fame$ glexanfcer ifHtller 
1874-1948 

Dr. James Alexander Miller, a former president of the National Tuberculosis 
Association and the New York Tuberculosis and Health Association, died on the 
29tli of July, 194S, at the age of seventy-four. 

After completing his preliminary education in Princeton University and re- 
ceiving his medical degree from the College of Physicians and Surgeons of 
Columbia University in 1899, he entered upon the practice of medicine in New 
York City, continuing until the time of his death. Starting in 1901, he also 
practiced for eight summers at Paul Smith’s in the Adirondacks, and it was here 
that he cultivated a long lasting friendship with Dr. Edward Livingston Trudeau 
and acquired the inspiration to concentrate much of his later professional activity 
in the field of tuberculosis. During the subsequent years he extended his interest 
into other sides of medicine and public health, but always with particular focus 
on the unique problems of this specific disease. His growing experience and the 
time tested attributes of his personality, intellect, and character qualified him as 
an able leader and marked him for succession to many posts of responsibility and 
importance. ' His merits included a love of the truth, high ideals, devotion to 
study, patience, perseverence, self-discipline, generous consideration of his associ- 
ates, and easy adaptability. 

Doctor Miller’s interest and accomplishments in the campaign against tuber- 
culosis were not defined by any narrow limits, since he was a man of versatility 
and naturally endowed with broad vision. Early in his career he became inter- 
ested in the Tuberculosis Service, now the Chest Service, .of Bellevue Hospital, 
which at the time hardly deserved the name of a clinical service. Through the 
ensuing years he succeeded in creating a competent organization which raised the 
standard of medical work to its present level. Recognizing the numerous back- 
grounds of tuberculosis, he interested philanthropic Laymen in the social problem, 
leading to the organization of an Auxiliary which raised funds from private 
sources and looked after many of the needs of the impoverished patients. He 
became Professor of Clinical Medicine in the College of Physicians and Surgeons 
of Columbia University and developed a course of instruction for medical students 
and for the house staff of the hospital which continues to claim the interest of 
many young physicians at the start of their careers. In the 1920’s Doctor Miller 
obtained funds to initiate research as a feature of the Service; this too has grown 
and continues to the present date. This connection with Bellevue brought him 
into contact with many governmental officials who respected his judgment and 
advice, and it was largely through his personal efforts and influence that the 
present building housing the Bellevue Chest Service was planned and con- 
structed. 

Hie public health aspects of tuberculosis also commanded his interest and 
energy. Aside from his work in the national and local tuberculosis associations, 
lie was an officer or adviser in man)’- organizations, including the Community 
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Bronchial Stenosis after Pneumothorax. — 
The authors report 3 cases of pulmonary tuber- 
culosis in which stenosis of the left main bron- 
chus developed about two and a half years 
after the beginning of pneumothorax treat- 
ment. These constrictions within the bron- 
chus were smooth, no ulceration being present. 
Biopsies showed they were composed of fibrous 
tissue without characteristic microscopic signs 
of tuberculosis. Clinically the patients had 
at first improved under pneumothorax treat- 
ment but eventually had suffered from recur- 
rent febrile attacks following retention of spu- 
tum and dilatation of the bronchus below the 
constriction. In one case multiple areas of 
softening developed throughout the collapsed 
lung. In another a subapical cavity increased 
in size. In the third the constriction was not 
followed by changes in the collapsed lung. It 
was possible in each case to locate the con- 
striction by tomography and confirm its 
presence by bronchoscopy. The use of 
lipiodol was considered inadvisable. The 
stenoses were believed to be due to a sclerosing 
type of bronchial tuberculosis aided by me- 
chanical factors. One of these may have 
been the narrowing of the lumen of the left 
bronchus by congestion of its network of 
arterial, venous and lymphatic vessels follow- 
ing pneumothorax. Such congestion could 
result ultimately in fibrosis. This form of 
stenosis can be considered a clinical entity 
which can be diagnosed by the presence of a 
smooth constriction of the left main bronchial 
stem, developing a year or two after the in- 
duction of pneumothorax and followed by 
febrile episodes with alternate retention and 
outpouring of sputum. Tomography is very 


useful in detecting and locating the constric- 
tion. As regards treatment, discontinuance 
of the pneumothorax is not always indicated 
since a lung blocked by stenosis will not re- 
expand and lack of air in the pneumothorax 
area may cause serious symptoms. Thora- 
coplasty is usually contraindicated. Dilata- 
tion of the stenosis may succeed but the only 
logical treatment is complete removal of the 
involved lung. — Reflexions snr les stenoses des 
bronchos sonchcs sons pneumothorax arlificiel, 
G. Giraud, A. Balmes, L. Nichet &J. Miroute, 
Le Poumon, September-October, 1947, 3: S29 . — 
(A. T. Laird) 

Bronchial Foreign Bodies. — In dealing with 
translucent foreign bodies diagnostic roent- 
genograms should be overpenetrated and the 
correct position determined by fluoroscopic 
examination. Both inspiratory and expira- 
tory films should be made to show mediastinal 
shift. Proper roentgenograms may show a 
distinct interruption of the air column of the 
involved bronchus. — Some observations on the 
roentgen diagnosis of nonopaque foreign bodies 
aspirated into the bronchi, S. Welin, Acta 
radiol., 1948, 29: 529. — (J. E. Farber) 

Metallic Breath Sounds. — Metallic breath 
sounds are usually heard over a pneumothorax 
space when inspiratory and expiratory pres- 
sures are both positive. Occasionally they 
can also be heard over a pneumothorax with 
negative pressures. A certain tension of the 
pneumothorax wall is necessary for the 
production of these metallic breath sounds 
and this tension can be due either to a positive 
pressure pneumothorax or to changes in the 
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Loeffler’s Syndrome with Cavity Formation. 
— A 39 year old woman developed several 
pulmonary infiltrations within a few weeks, 
with fever and a blood eosinophilia of 30 per 
cent. The infiltrations resorbed promptly 
but one of them showed cavity formation in 
the centre. This cavity healed within three 
weeks. — Ucber ein zerfallcndes, eosinophiles, 
fluchtiges Lungeninfiltrat, A. Oil, Wien. Min. 
Wchnschr,, May SI, 1948, 60: SS0.—(G. C. 
Leiner) 

Pleural Effusion. — The object of this study 
was to estimate the significance of early 
pleural effusion in pulmonary embolism. In 
a series of 46 cases, 21 were found to have a 
pleural effusion. In more than one-half of 
these cases the pleural effusion was more 
evident roentgenographically than the paren- 
chymal density. However, the presence of 
the effusion was of little help in diagnosing 
pulmonary embolism. In a series of 3S cases 
of pneumonia and bronchopneumonia only a 
few developed pleural effusion and the paren- 
chymal density was the principal radiographic 
finding. Pleural effusions are sometimes seen 
in acute, non-specific respiratory tract in- 
fections without parenchymat lesions or with 
only small lung densities. — Early pleural 
effusion in pulmonary embolism and pneumonia 
or bronchopneumonia, G. Moberg, Acta radiol., 
194S, 29: 7. — (J. E. Farber ) 

Spastic Bronchitis. — Bronchitis spastica 
without real asthmatic attacks has been 
seen more frequently recently than in previous 
years, possibly as a consequence of the war. 
The dyspnea which is found in spastic bron- 
chitis can always be relieved by epinephrine. 
Bronchospasm is always seen in patients with 
emphysema and is frequent in cardiac pa- 
tients. — XJeber Bronchospasmus, IT. Groger, 
TFi'cn. Iclin. Wchnschr., January S3, 1948, 60: 
49 . — ((?. C. Leiner) 

Mediastinal Hernia. — Mediastinal hernias 
may be caused by pressure-difference in the 
two hemithoraces at the 2 weak places de- 
scribed by Nitsch. Hernias caused by pulsion 


(pneumothorax) are demonstrated by fluoros- 
copy. Hernias caused by traction are best 
shown by tomography. The diagnostic signs 
seen in the tomograms are the upper border- 
line of the hernia and the visualization of the 
blood vessels crossing from the healthy hemi- 
thorax into the pouch of the hernia. 
(Author’s Summary) — The roentgen examina- 
tion of the mediastinal lung hernia with refer- 
ence to tomography, H. Salinger, Acta radiol., 
1948, 29: 180— (J. E. Farber) 

Thoracic Aortography. — The author reports 
a new technique for visualization of the 
thoracic aorta. A catheter is introduced into 
the radial artery and guided under radioscopic 
control via the subclavian artery into the 
ascendent aorta. After the rapid injection 
of 30 cc. of diodrast, exposures of the aorta 
are made. (Author’s Summary) — Thoracal 
aortography by catheterization from the radial 
artery, S. Radner, Acta radiol., 1948, 29: 178 . — 
(J. E. Farber) 

Thoracic Aortography. — A method for aor- 
tography suggested by Radner and somewhat 
modified has been used in 3 cases. The 
authors consider that the method should be 
preferred to angiocardiography at contrast 
roentgen examinations of the aorta and its 
intra-thoracic branches. (Authors’ Sum- 
mary) — Thoracic aortography, B. Broden, H. 
E. Hanson & J. Kamell, Acta radiol., 1948, 
29:181. — (J. E. Farber) 

Lung Changes in Dermatitis. — In 2 pa- 
tients with an acute generalized dermatitis 
roentgenograms of the lung showed an in- 
creased reticular pattern. As the skin lesion 
cleared, the abnormal lung changes disap- 
peared. The author suspects hypersensitivity 
as the cause of both lesions with changes 
probably in the interstitial tissue. — On lung 
changes in acute general dermatitis, N. Frost- 
berg, Acta radiol., 1948, 29: 493 . — (J. E. 
Farber) 

Mediastinal Abscess. — Roentgenologic di- 
agnosis of a mediastinal abscess can some- 



52 


! imcs be nided i ABs wucrs 

ejection 0 f n y nied, ’nstinal » Un „* 

Cav SZns ^ *«* •££ S 1 "? 1 for r ub 

jected with s ,,iL and Penicillin !' T . he received • " ts "dth pu/nim, Tbercu h>sis.- 

3 ££Z S‘%^rZ7tf e f 5 a?^ 

r; — -^:i ^ 

ite«asSr 


«•« °f <* «o „v„ ; 0 y 

£22^ ^22?* 
ST-.~n,s-i,£".j 


t^Zr^tasi^ '£?«** being 

^ ** * ^ £vs 

"«■ c, trv c ^ a,®-—. N 

. Dcg end Tuhr ,, ' f * fc ') ONPOsto ^" 0 ' 0 taciml^", 1 ’'’"''’ B ’ al “'-- 

£s£ 2 s jiBS 


ing a j 3 Qp ubercu Iosl s Dw 

be u «ed further a ? 00 and * ^erefore t ^ 

Acuity i? f ,an nietl) od o( lZ tml di - 
Va ccinated ~i ., , tes ^ e d- In a ldln £ this 

— ed children fi,„ , a a group nf TO „ 


ionge r T Th; e '- ;T S s ° «>at th^ 

butjnT'Mvcui^ “ b ,T' e b ° d "‘ - 

10 >- pie «£*>*”» « 

bacilli n Section vith «,• i 1 1,1,11 a nify 
bacilli i, *» ^ expTcfed “ ,ent tubercIa 

^aves St aV ! been Sosedt 6 ‘ ub8 "*» 

tl0n ^ hun for Pro phvhZ raSOmc 


x-- -.wye j n o fi ■ tilu K)u.v rpo„*- »'ave<? r,-,-i! , ’ u °een , taoerc 

Performed cent ; the PiraZ T ,Vas tion of i be Used for pro^f *° u,trasaai 

52 - 8 Per cent i' nG0Us ^ was po i eSt ' if «w T beia ffs. S '? 0 Vacciaa 

*= 4 ? ; L~*r#s 

in l>°* PUhl Kat ; Picture °7 r , 

roent geno j . dimentation test n S !.? a cil roni c i, pulni °naiy ed 0cnt gcnologic 
that the Mn * ^“mination n , 0r the The h i as °«Iy rJeJ, n ’ “cute and 

*«« iT«-/.ive%L tt , 8 di 4«oe ’S"™* n iMe5 " < ' 

i«o‘ e ss £ v 5 £ si r 

giVe ^antou.v Z Clearl y Kerens, t Z. The bronchi st,J 


zr-ff™ irs -cr 

out clear! larac teristic. mj. as es relatively 

not s 7 D Iy * lereas ^e vascul br ° ncbi sfa nd 
SGen - The diffe r e nt a C d " arilWrW ngsare 
Qi d,a e ao ® includes 



ABSTRACTS 


53 


bronchopneumonia or multiple hemorrhagic 
infiltration of pleura and lungs. In the three 
cases of verified pulmonary edema presented 
the roentgenographic changes appeared earlier 
than the clinical signs. — On the roentgenologic 
picture of pulmonary edema, S. Rcnnocs, Acta 
radiol., 194S, 30: 169. — ( J . E. Farbcr) 

Tuberculoproteins. I. — Different prepara- 
tions of purified protein derivative and Old 
Tuberculin are known to differ in their skin 
activity. Since this property is associated 
only with protein, a partial explanation of this 
phenomenon is that the protein content of 
certain lots of Old Tuberculin may be signifi- 
cantly different but this can hardly account for 
the variation found in preparations of PPD. 
The presence of more than one protein or the 
degradation of the protein during preparation 
might account for the observed facts. Con- 
centrated, unheated culture filtrates of two 
strains of human tubercle bacilli, a virulent 
and a slightly virulent one, were fractionated 
with ammonium sulphate to give 14 fractions 
from each strain. Chemical determinations 
and sedimentation velocity measurements 
were made on those fractions for which signi- 
ficant results could be obtained. The evi- 
dence showed that two distinct proteins are 
present in addition to a polysaccharide and 
nucleic acid. The physical measurements 
did not demonstrate the presence of any other 
proteins. One of the proteins was isolated 
in pure form and found to have a molecular 
weight of 44,000 ± 5,000, as determined by 
the partial specific volume, sedimentation 
velocity, and diffusion rate. This protein 
is believed to be the one previously isolated 
by Seibert et al., who assigned it a molecular 
weight of 32,000. The other protein was 
not freed from polysaccharide so that its 
molecular weight could not be determined 
although it is believed to have a sedimentation 
constant of about 2 S. Sedimentation and 
diffusion constants were obtained for the 
polysaccharide which appears to be a homo- 
geneous molecular species with a molecular 
weight of about 20,000. — The proteins in 
unheated culture filtrates of human tubercle 


bacilli 1. Fractionation and determination of 
physical-chemical properties, E. B. Bcirilacqua 
& J. R. McCarter, J. Exper. Med., March, 
1948, 87: 299.— (J. S. Woolley) 

Tuberculous Droplet Infection in Rabbits. — 
Experiments have been reported in which 
rabbits were made to inhale virulent bovine 
tubercle bacilli, air-borne as separated cells 
in fine drop nuclei under standardized con- 
ditions. The tubercles which developed in 
their lungs were known to be induced by 
organisms derived from single cells, all of 
which were implanted upon alveolar tissue 
within relatively brief intervals. For the 
first five or six weeks the rate of tubercle 
development was found to be uniform and 
not appreciably affected by the number of the 
lesions, their position in the lungs, or by the 
varying susceptibility of the rabbits. This 
initial, homogeneous phase contrasted sharply 
with the later stages of the infection which 
were strikingly heterogeneous especially when 
rabbits of various strains were used. These 
features of air-borne tuberculosis are now 
reported in more detail. The Ravenal strain 
of Mycobacterium tuberculosis bovis was pre- 
pared in an aqueous suspension which was 
whirled into a fine mist in a special aerosol 
flask. Only the smallest droplets evaporated 
rapidly enough to produce the droplet nuclei 
of which the final aerosol consisted. Oc- 
casional droplet nuclei contained tubercle 
bacilli. The concentration of the organisms 
in the aerosol and the length of exposure 
determined the intensity of infection. Fifty- 
six albino rabbits were exposed in these 
experiments and killed at various intervals. 
During the first week after infection the 
bacilli were always found in isolated alveolar 
macrophages. Between the sixth and ninth 
days the number of infected macrophages 
rapidly increased and at twelve days there 
were collections of parasitized macrophages 
occupying one or two alveoli. At this time 
leucocytes and small monocytes had begun 
to accumulate about the developing tubercles. 
A brief, early nonspecific response to unin- 
fected droplet nuclei also was seen. By the 
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bodies in the trachea in children. There is 
inspiratory collapse below and simultaneous 
widening of the air passages above the foreign 
body. These changes disappear on expira- 
tion. — A previously unreported sign of foreign 
bodies in the trachea, S. R. Kjcllbcrg, Ada 
radiol., 194S, 30: S00. — (J. E. Farbcr) 

Thymic Shadow on Chest Roentgenogram. 
— This report is based on 49S consecutive 
roentgenograms of children first taken when 
they were six months old and subsequently 
at six month intervals.- A peculiar sail-like, 
triangular projection was noted extending 
out from the mediastinum in 44 cluldren 
(S.S per cent). In 12 patients the shadow 
was so large that it obscured almost the whole 
of the upper lung field. There were 12 
children with large shadows, 12 with medium 
sized shadows, and 20 with small shadows. 
In 31 cases the shadow was on the right side, 
in 12 cases it was on the left, and in one there 
was a small bilateral projection of which the 
right was the larger. In some cases the 
mediastinum was displaced towards the side 
of the shadow. Lateral roentgenograms were 
not of value but oblique films indicated that 
the shadow was anterior. In many cases, the 
lower edge of the shadow on the right side 
coincided with the plane of the horizontal 
fissure. Eleven of these children were fol- 
lowed for two years or more, during which 
time the shadows gradually diminished in 
size and in some cases disappeared. Almost 
all these children were in good health when 
roentgenographed, only 4 being ill. None 
had any symptom or sign of pulmonary or 
cardiac disease and postmortem correlation 
indicated that this shadow was actually 
thymus gland. In an infant, who died follow- 
ing a splenectomy for an obscure form of 
hemolytic anemia, the chest roentgenogram 
taken at autopsy revealed the previously 
described shadow on the right side. After 
the sternum had been removed but before 
the organs were disturbed, surgical clips were 
placed on the poles of the thymic lobes and a 
repeat chest roentgenogram was taken. It 
was found that the clips corresponded exactly 
with the outlines of the shadow seen on the 


first roentgenogram. In stillborn children, 
the lateral limits of the thymus extend farther 
out than when the lungs are inflated. It was 
suggested that, as the lungs expand, the 
thymus is stripped from the chest wall and 
compressed into the mediastinum, but that 
sometimes one or both lower poles are adherent 
so that it remains anchored in the position 
occupied in tho fetus. This theory was sup- 
ported by the observation that in some cases 
with a unilateral shadow the mediastinum 
shifted toward that side. As the child grows 
older, the thymus is gradually stripped back 
until the shadow ultimately disappears. The 
finding of this sail-like, triangular projection 
from the mediastinum (thymus) does not 
have any pathologic significance. — A sail-like 
triangular projection from the mediastinum: 
A radiographic appearance of the thymus 
gland, F. H. Kemp, II. N. C. Morlcy & E. 
Enrys-Robcrts, Bril. J. Radiol., December, 
194S, 21: CIS. — (L. Hyde) 

Roentgenograms in Sarcoid. — The roent- 
genological aspect of sarcoidosis is discussed. 
Lung films may show enlargement of medi- 
astinal nodes, miliary infiltration, areas of 
fibrosis, and confluent areas of patchy infil- 
tration. Bilateral mediastinal lymphadenop- 
athy is common but unilateral involvement 
occurs. Similarly, unilateral parenchymal 
lesions occur but also less often than bilatetal 
lesions. Pulmonary manifestations are rarely 
uniform; no single type of infiltration can be 
described as an early or late phase of the 
disease. Reisner, however, believes that 
the disseminated nodular forms are early 
lesions. Skeletal changes occur in 20 per 
cent of the patients. The bone lesions re- 
semble small cysts and are found in the 
phalanges of the fingers and toes. — Roent- 
genological aspect of sarcoidosis, A. J. Acker- 
man, Am. J. Roentgenol., March, 1948, 59: 
818. — ( J ■ E. Farbcr) 

Retrocardiac Bronchiectasis. — Bronchiecta- 
sis involves the lower lobe of the left lung more 
frequently and more extensively than any 
other pulmonary area. The occurrence of 
unilateral bonchiectasis is nearly five times as 
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INCIPIENT PULMONARY TUBERCULOSIS IN PERSONS OVER FORTY 1 

AARON D. CHAVES 

(Received for publication December 24, 194S) 

INTRODUCTION 

There is a rather widespread clinical impression that pulmonary tuberculosis 
rarely makes its appearance after the age of thirty. For example, in the most 
recent edition of an outstanding textbook of medicine (1) the following state- 
ment is found in the section on tuberculosis: “Those who have lived to the fourth 
decade without the appearance of a plumonary lesion seldom develop the dis- 
ease.” Nevertheless, it is the impression of many phthisiologists (2, 3, 4) that 
the first roentgenographic evidence of significant pulmonary tuberculosis after 
thirty, and even after forty, is not at all a rarity today. For instance, of the 344 
cases of incipient pulmonary tuberculosis recently reported, by Reisner (2), 17 
developed after the age of forty. It was thought worthwhile, 'therefore, to report 
an additional 5 cases of incipient pulmonary tuberculosis in persons over forty 
years recently observed by the author. 

Source of Material and Selection of Cases 

The 5 cases reported here were observed by the author since his assignment in 
April, 1946 to the Kips Bay Health Center Chest Clinic, one,of the twenty-one 
chest clinics of the Bureau of Tuberculosis, Health Department, .New York City. 
This clinic averages approximate^ 2,000 adult “contact” 'examinations yearly. 
The established policy is to follow all adult contacts to active cases (of pulmonary 
tuberculosis every six months with complete chest examination, including a roent- 
genogram, as long as contact is maintained and for two years after contact has 
been broken. With only few exceptions, the population served by the clinic is 
white and the. overwhelming majority of the contacts’supervised. (the exact per 
cent is difficult to determine) are below forty years of age. 

All 5 patients included in this study, which ended September, 194S, had recent 
“normal” chest films as “contacts” which were carefully reviewed by the author 
and all developed the first roentgenographic evidence of tuberculosis after their 
fortieth birthday. Except for age, the same criteria for inclusion in this group 
of cases were used as is described by Reisner in his articles (2). 

CASK REDOUTS 

(June 1: L. P. (figures IA and III) is a while male born in ISO!). He was a contact to his wife 
who had apparently arrested far advanced pulmonary tuberculosis at the time of his first 
examination at the Kips Bay Clinic on April 10, 1912. This film was entirely "normal” 
(figure 1A). On the next clinic visit, February 21, 1915 (at which time patient was 40 years 

1 from the Bureau of Tuberculosis, New York City Department of Health, 125 Worth 
Street , New York 12, New York, and the Departments of Medicine and Preventive Medicine 
of the New York Hospital-Cornel! University Medical College. 
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nary tuberculosis was made. The patient never placed himself under adequate treatment 
and very few sputum examinations were done (all negative for M. tuberculosis ) . Subsequent 
chest films on March 0, 1945 and May 20, 1045 revealed progression of infiltrations and prob- 
able cavitation in t lie left upper lung. The patient was lost from supervision until March 



Fro. 2 (Case 2, M. W.) 

A. (Upper left) January 23, 194G, cardiac enlargement and wide aorta (hypertensive) 
Lung fields considered normal. Calcification at right hilum. 

B. (Upper right) January 31, 1047, round area of infiltration, periphery of first a.i.e.s. 
on right. In previous film of July 29, 1946, there was a larger area of infiltration which 
decreased considerably in size in the six month interval. 

C. (Bottom) March 15, 194S, extension and breakdown of lesion in right upper lung field, 
between first and third anterior ribs. There is probably a small lesion below first rib on 
the left. 

24, 1948, when a chest film (figure IB) revealed clearing and “hardening” of the lesions, and 
he stated that he was entirely asymptomatic. The diagnosis was changed to arrested 
moderately advanced pulmonary tuberculosis. The total period of observation from first 
recognition of disease was three years. 

Case 2: M. W. (figures 2A to 2C) is a white female born in 1886, with known hypertensive 
cardiovascular disease and mild diabetes, whose daughter died of pulmonary tuberculosis 
in August, 1947. The first chest roentgenogram at Kips Bay Clinic was taken on January 
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served in various New York City Health Department. Clinics, for the most part, 
since 1940. One cannot, expect to learn too much from analyzing such a small 
group of cases derived from material with the many shortcomings already dis- 
cussed in Reisners recent articles (2). Nevertheless there are in this group 
notable clinical features. 

The ages varied from 40 to 75; 9 were male, 15 female; 17 were white and 5 
non white. All of the patients were known to have had recent intimate contact 
with active cases of tuberculosis. Five patients presented roentgenographic 



Fig. 5. (Case 5, T. M.) 

A. (Left) August 22, 1947, normal film (detail of right upper lung field). 

B. (Right) March 3, 194S, soft patchy infiltration in periphery of right lung between 
third and fourth a.i.e.s. 

evidence of a healed, calcified, primary complex. No tuberculin testing was 
done on any of the patients prior to development of recognizable tuberculosis. 
In all but 5 instances, bacteriologic confirmation of the diagnosis was obtained 
at some time during the period of observation. The sputum investigations 
made early in the disease in most instances were not sufficiently intensive to be 
of much significance. 

Observations at the time of initial demonstration of the pulmonary lesion: In table 
1 are listed some of the observations made at the time of initial appearance of the 
pulmonary lesion. Nineteen cases were observed to develop disease' within one 
year of a normal roentgenogram, while 3 (all with symptoms) were first dis- 
covered with disease approximately two, three and four and one-half years 
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mal at time of discovery. Two of the patients with minimal lesions died sixteen 
and seventeen months, respectively, after initial demonstration of the lesion, one 
from myocardial infarction and the other from rapidly progressive tuberculosis 
complicated by diabetes. Of the 4 diabetics, the tuberculosis of one is now well 
arrested, one is dead, and 2 have progressive and advanced tuberculosis with a 
poor prognosis. The t} r pe of treatment administered to the 22 patients varied 
considerably from prompt, excellent care, to no treatment at all. 

COMMENT 

One outstanding fact is evident from the study: a roentgenographically normal 
chest in a person over 40 does not eliminate the possibility of pulmonary tuber- 
culosis developing in the future. As a matter of fact, incipient pulmonary 
tuberculosis in persons over 40 may be much more common than is generally 
supposed. From discussions with many observers, it is the author’s impression 
that more and more cases of earl} r tuberculosis in the older age group are being 
seen in various chest clinics throughout the country. Reisner (2) and Robins 
(4) have both called attention to the late appearance of the initial roentgeno- 
graphic evidence of pulmonary tuberculosis in many cases under then.' observa- 
tion, while both Pinner (3) and Reisner (2) have recently indicated the need for 
serial roentgenographic observations in the older age groups among the appar- 
ently healthy population to determine the frequency of incipient clinical tuber- 
culosis in such groups. 

It is impossible, of course, to draw any conclusions as to the pathogenesis of 
incipient clinical pulmonary tuberculosis in older people from this very small 
series of cases drawn from a highly selective sample of the population. Theo- 
retically, late incipient pulmonary tuberculosis may come about as the result of: 
CO reactivation of old roentgenographically undetectable foci (endogenous exac- 
erbation); ( 2 ) new exogenous infection in individuals with a clinically healed 
primary complex as determined by a positive tuberculin test; (S) new exogenous 
infection in individuals with an obsolete primary infection which can be deter- 
mined clinically by the reconversion of a previously known positive tuberculin 
test to negative (second “primary infection”); (4) recently acquired first infec- 
tion (true primary infection). 

The entire problem of pathogenesis might be clarified to some extent by de- 
termining the frequency with which incipient tuberculosis occurs in older indi- 
viduals who are negative tuberculin reactors shortly prior to the initial demon- 
stration of pulmonary tuberculosis. Unfortunately, there are no up to date 
data on the incidence of negative tuberculin reactors in the older age groups, and 
theneedforsucha study becomes obvious. Both Pinner (3, 6) and Rich (7) have 
indicated the need for large periodic tuberculin surve 3 r s of apparently healthy 
populations of all ages, including those over 40 years of age. 

The importance of clear understanding of the pathogenetic mechanisms of 
pulmonary tuberculosis in the older age groups can be readily understood in 
view of the marked change in the epidemiological picture of the disease, with 
a striking shift of the mortality peak towards the older age groups. While 
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Addendum 

Since submitting this paper for publication four months ago, the writer has observed 
9 additional cases of incipient pulmonary tuberculosis in persons over 40 years of age 
which fulfill the criteria for inclusion in tliis study. Two of the cases were seen at the 
Kips Bay Chest Clinic; 3 cases were observed on the Chest Sendee of the New York 
Hospital; one was seen on the Pulmonary Sendee of Montefiore Hospital; 3 cases were 
reviewed (charts and roentgenograms) from other New York City Health Department 
Chest Clinics. 

Five patients were male, 4 were female; 6 were white and 3 were Negro. The interval 
between the last normal chest film and the initial roentgenograpliic evidence of disease 
varied from six months to ten years, with most intemils between six and twelve months. 
Ages of the patients at the time of the last normal chest films ranged from 40 to 62 years. 

Six patients had definite symptoms antedating the discovery of disease, 2 of whom had 
significant exposure recently to tubercle bacilli. All 6 of these patients had far advanced 
active pulmonary tuberculosis with sputum positive for M. tuberculosis at the time of 
discovery. Three cases were discovered as the result of a routine interval chest film 
taken during the course of supendsion of a “contact.” These 3 individuals had lesions 
of minimal extent and were asymptomatic at the time of discovery. 

During January, 1949 the Bureau of Tuberculosis of the Department of Health, New 
York City, conducted its second survey of the Municipal Lodging House, a city institution 
which offers shelter to homeless and destitute men. Two thousand five hundred and 
seventeen photofluororoentgenograms were taken of men who, for the most part were 
over 40 years of age, with the average age 56 years. Many of those examined had been 
included in the first Municipal Lodging House survey conducted in 1940-1941. Fortu- 
nately, the films of the original survey eight years ago were preserved on microfilm. 

A detailed report of the findings of this recent survey will be published in a forthcoming 
paper. However, there are already available data which, although incomplete, are of 
sufficient interest to warrant inclusion here. Nineteen men, with normal survey films 
in 1940-1941 (as determined by reviewing the microfilms of the original survey roentgeno- 
grams) had roentgenographic evidence in their recent examinations highly suggestive of 
clinically significant pulmonary tuberculosis. Sixteen of these cases were over Jfl years of 
age at the time of the normal survey film, eight years ago. 

The detailed examination of these cases is still incomplete, although all of the patients 
have had 14 by 17 films taken. Sputum studies on most of the cases, however, are not 
as yet available. On the basis of the roentgenograms alone, therefore, the following 
preliminary diagnoses were made in these 16 cases: 

Active far advanced pulmonary tuberculosis in 3 cases. 

Active moderately advanced pulmonary tuberculosis in one case. 

Minimal to moderately advanced pulmonary tuberculosis of undetermined activity 
in 11 cases. 

Arrested minimal pulmonary tuberculosis in one case. 
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TUBERCULOSIS IN THE GERMAN POPULATION, UNITED STATES 

ZONE OF GERMANY 1 

PHILIP E. SARTWELL, 8 CHARLES H. MOSELEY 3 and ESMOND R. LONG* 
(Received for publication January 10, 1949) 

INTRODUCTION 

The rise in tuberculosis mortality which accompanied World War I in all the 
belligerent countries of Europe gave promise of a similar rise after the last war, 
with its even greater devastation and longer duration. Such a rise did occur and 
was proportionately though not absolutely greater than that in World War I. 

During the past year a number of reports have appeared dealing with the cur- 
rent tuberculosis situation in Germany. From certain of these reports, and from 
other sources, an impression has been formed not only that there has been a 
disastrous increase in the disease but that it is continuing to increase. Such 
opinions are to a large extent based upon the increase in reported tuberculosis 
morbidity. Other studies, which have placed more emphasis on mortality data, 
have come to different conclusions. 

A survey of the postwar situation in the United States Zone of Germany, con- 
ducted by the authors in February, 194S as members of a Commission of the 
Department of the Army, had as one of its objectives the collection of informa- 
tion on the extent of the rise in tuberculosis and the immediate postwar trend in 
that area. In view of the conflicting opinions mentioned above, it is believed 
worth while to present the evidence which was obtained. The data will be dis- 
cussed under two main headings: first, mortality, with consideration of changes 
by age, sex, and form of disease; and second, morbidity, with discussion of factors 
responsible for apparent changes in morbidity rates. Brief consideration will 
also be given to the present program for tuberculosis control. 

Mortality 

In analyzing the present problem, it is pertinent to consider the rise in mor- 
tality which accompanied World War I. This has been reviewed by Drolet (8) 
who gives data showing that of 24 countries, mostly in Europe, all but 5 had a 
wartime rise. In 3 of these countries the highest rate was reached in 1916 ; in 3 
it came in 1917, and in 13 it came in 191S. The influenza epidemic of that year 

1 This paper is based upon the findings of a Commission appointed by the Secretary of 
the Department of the Army and organized by Mr. Tracy S. Voorhees, Assistant to the 
Secretary, and Col. Tom F. Wliayne, MC, Chief of the Preventive Medicine Division, 
Office of The Surgeon General. The members of the Commission were Doctor Long, Doctor 
Sartwell, Col. Silas B. Hays, and Maj. Alonzo W. Clark. In Germany the group was joined 
by Lt. Col. Moseley. 

5 Assistant Professor of Epidemiology, The Johns Hopkins School of Hygiene and Public 
Health, Baltimore, Maryland. 

3 Lt. Colonel,MC,U.S. Army, Military Government, Land Hesse, Germany. 

* Director, The Henry Phipps Institute, Philadelphia, Pennsylvania. 
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in tiie population of the TJ. S. Zone. The increase from 1939 to October, 1946, 
when a census was taken, was about 2.5 million, or about 18 per cent of the 1939 
population, and was due chiefly to postwar immigration rather than to natural 
increase (12). There was a large excess of females, especially in the age span 
20 to 29, between which ages in October, 1946 the ratio was 17 females to every 
10 males. 

Data on tuberculosis mortality are also subject to several errors. While offi- 
cial death registration figures have been used almost entirely, it should be noted 
that in some areas death certificates have until recently been signed by laymen. 
The changes in boundaries of the Lander or provinces within the U. S. Zone have 
rendered comparison of current mortality with earlier data impossible except in 
the case of Bavaria, which has remained largely unchanged in territory. Mem- 
bers of the German military forces are understood to be excluded from both popu- 
lation and mortality statistics from 1939 to the end of the war. The inclusion 



Fig. 1 . Mortality rates for pulmonary tuberculosis, Bavaria, by year, 1894-1947 


of displaced persons in mortality statistics is uncertain during a part of the post- 
war period. Finally it must be remembered that the disruption of German civil 
organization in the latter part of the war and immediate postwar period has un- 
doubtedly reduced the accuracy of all statistics for this period; in fact, for some 
places such data are wholly lacking. 

In spite of these deficiencies, it is fairly clear that tuberculosis mortality began 
to rise in most parts of western Germany in 1939 or 1940 and continued upward 
until about 1945. Since then it has been on the decline. The extent of the rise 
in western Germany was rather small by comparison with other parts of south- 
eastern and central Europe. In Berlin, however, where the prewar rate was 
somewhat higher than elsewhere in Germany, the wartime rise was very large. 

The statistics for Bavaria, which have been recently published (13, 15) will be 
examined in detail. Bavaria is a largely agricultural state in the south of Ger- 
many, its principal city being Munich. Little change was made in its territorial 
limits after the war. In figure 1 may be seen the trend of pulmonary tubercu- 
losis mortality in Bavaria from 1S94 to 1947, the scale of rates being logarithmic. 
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parallel to, although somewhat higher than, that in the United States. In 1946 the 
mortality for males was greatly increased in infancy and in all adult age groups. 
The most marked excess was in the 20 to 34 year age span. The opinion was 
expressed by German health officers that excessive mortality among repatriated 
prisoners has contributed to this high rate. Roentgen surveys of such groups 
have revealed a high prevalence of significant tuberculosis. 



Fig. 3. Mortality rates for all forms of tuberculosis by sex and age, Germany, 1914 and 
1919. 

Among females, on the other hand, the only population groups showing an in- 
crease in 1946 as compared with 193S were infants and young children, among 
whom a rise similar to the male rise was recorded. There was practically no 
difference between prewar and postwar mortality in adult females. Presumably 
had there been no war, the 1946 rates would have shown a decrease, but at least 
there was no rise. The increase in infant mortality from tuberculosis in both 
sexes suggests that, in this age group at least, the frequency of infection was 
greater in 1946 than before the war. 

Por comparative purposes, death rates for all Germany for the years 1914 and 
1919 were obtained (14) and are shown in figure 3. It will be noted that in 
World War I the increase in male mortality was much the same as in World 
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data furnished indicated that the tuberculosis mortality rate by 1947 had already 
fallen below the prewar level despite the fact that Frankfort suffered heavily by 
bombing and the resultant overcrowding. Frankfort’s increase in mortality was 
mostly limited to adult males and especially males over the age of 50, there being 
little change in female rates between 1938 and 1946. 

Land Wurttemberg-Baden in 1947 reported 1,443 male deaths and 1,046 fe- 
male deaths from tuberculosis, the excess among males being chiefly from age 
30 upwards. Among males 6.8 per cent of all deaths were from tuberculosis while 
the corresponding figure for females was 5.2 per cent. 

The territory comprising Land Bremen, a small area on the North Sea, has a 
population of only 494,000, of whom 395,000 are in the city of Bremen proper. 
In Land Bremen, the excess of male tuberculosis deaths is not apparent except 
above the age of 55. In 1947 at all ages there were 209 male tuberculosis deaths 



Fig. 5. Death rates for all forms of tuberculosis per 100,000 population, by sex and age, 
Berlin, 1946. 

as against 173 female; the proportion of all deaths ascribed to tuberculosis was 
7.4 for males and 7.3 for females. 

The tuberculosis experience of Berlin was quite unlike that of the cities in 
the Western Zone of Germany and more closely resembled that of the cities of 
eastern Europe, where the rise was catastrophic. The data to be quoted refer to 
the entire city, not merely the TJ. S. sector. The trend of mortality has been 
seen in figure 4. The age distribution of death rates again shows a great excess 
of adult males over adult females, which is most pronounced over the age of 50 
(figure 5). From age 30 upward there were 3,953 male tuberculosis deaths in 
Berlin in 1947 as against 1,737 female. Wh 3 r Berlin suffered so heavily is not en- 
tirely clear. Certain reasons may, however, be advanced. Berlin had a higher 
rate than other large German cities before the war; bombing was continuous 
rather than sporadic; food shortages were presumably greater because of the 
difficulty of a large city in procuring food from the surrounding farmland ; and 
Berlin was cut off from the use of its sanatoriums, most of which were outside the 
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the United States. In the absence of knowledge of how large a proportion they 
constitute, it is felt that this group is best excluded from consideration in the 
analysis of morbidity. 

Morbidity figures from Germany are based upon reports rendered by the tuber- 
culosis clinics or Fursorgestellen, in which nearly all known cases are registered 
and where most of the diagnoses are checked and confirmed. In this respect 
they are more reliable than American data. There are, however, two important 
factors operating to cause an apparent increase in morbidity. The first of these 
is the fact that tuberculosis cases are authorized to receive supplementaiy food 
rations. This would appear to create an incentive for physicians to report bor- 
derline cases and for patients to seek medical care. 

The second, and more important factor, is the greatly increased employment 
of case finding techniques. During and immediately after the war the Fiirsor- 

TABLE 2A 


Initial Examinations and Diagnoses in Bavarian Fiirsorgestcllen in 1847, by Quarters 


PERIOD 

INITIAL EXAM- 
INATIONS MADE 

NEW CASES or ACTIVE 
PULMONARY TUBERCU- 
LOSIS REPORTED 

CASES PER 100 EXAM- 
INATIONS 

“Open” 

"Closed” 

“Open” 

"Closed” 

January to March 

40,277 

1,663 

4,367 

4.1 


April to June 

5S,6S4 

2,25S 

6,624 

4.0 

eHI 

July to September 

61,437 

1.937 

5,7S1 

3.2 


October to December . . 

5S,956 

1,61S 

5,940 

2.7 

eh 


Note: “New cases” does not include those cases previously registered with the Fursor- 
gestellen as “closed”- or inactive tuberculosis and subsequently transferred to the above 
groups. Such cases constitute about two-fifths of the total “active open” and one-fifth 
of the “active closed”- cases reported. 

gestellen were unable to operate effectively; but during 1946 and 1947 their case 
finding activities have been greatly intensified. Fluoroscopy is very widely used 
in Germany as a diagnostic procedure, the use of roentgenograms being often 
reserved for cases in which fluoroscopic examination has given positive or sus- 
picious findings, and German ptysicians are highly skilled in this technique. 
Records are kept of the number of fluoroscopic examinations per month made by 
the Fursorgestellen, and the use of the procedure has increased greatly during the 
past two years. The larger the number of persons examined, the higher will be 
the yield of new cases of tuberculosis, although the yield per 100 examinations 
may diminish. This is illustrated by table 2A in which the number of initial 
clinic examinations in all the Fursorgestellen of Bavaria during 1947 is related to 
the total number of new cases of open and closed active pulmonary tuberculosis 
reported by the same agencies. While the number of examinations increased up 
to the third quarter, the number of new cases identified failed to increase pro- 
portionately, and in fact there was a definite downward trend over the year in 
the jdeld of “open” cases in relation to the number of examinations for tubercu- 
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decline in the number of bacteriologically positive pulmonary cases and an equiv- 
alent increase in bacteriologically negative “open” cases; a definite increase in 
the “closed” cases; and a rather marked increase in extrapulmonary tuberculosis. 
The reason for the latter increase is not known; it may perhaps, as some have 
suggested, indicate a real increase in chronic extrapulmonary forms which has 
not yet been reflected in a rising mortality. These figures, however, do not sub- 
stantiate a real increase in clinically significant pulmonary tuberculosis. 

Conditions in the British Zone of Germany have been analyzed in a report by 
Daniels and Hart (5). These workers obtained findings very similar to those 
which have been presented above and their conclusions are substantially the same 
as ours. So far as tuberculosis is concerned there is evidently little difference 
between conditions in the British and U. S. Zones. 

Tuberculosis Control Program 

Space does not permit a detailed discussion of the tuberculosis control program. 
In brief, with American assistance, bed provisions have been greatly increased 
until now the number of hospital and sanatorium beds per annual death, except 
in Berlin, approaches the present ratio in the United States. There are still, 
however, too few beds to meet the accepted standards, particularly in Berlin, and 
many open cases must be cared for at home. Local public health organiza- 
tions appear to be doing an aggressive and effective job of case finding and case 
supervision. A BCG vaccination program has been undertaken under the super- 
vision of the Danish Red Cross. Food supplements are authorized for tubercu- 
lous persons, which on the whole provide an adequate dietary for this group when 
the food can be obtained. Germany is greatly handicapped by an extreme short- 
age of many essential materials in addition to food, ranging from soap to X-ray 
film. Only general economic recovery can help this situation, and indeed the 
whole tuberculosis problem is closely linked to the economic state of the country. 

SUMMARY AND CONCLUSIONS 

1. Tuberculosis mortalhy in the U. S. Zone of Germany began to rise promptly 
at the beginning of World War II, reached a peak in 1945 and has progressively 
declined in 1946 and 1947. It is still above the prewar level in most places and 
is well above the rate to have been expected if the prewar downward trend had 
continued. The extent of the rise was only moderate as compared with that in 
several other European nations. 

2. The increase in mortality appears to have affected infants of both sexes and, 
to an even greater degree, adult males. Females above the age of one year 
showed little increase as judged by age- and sex-specific rates for 1946. This is 
in contrast with the rise in World War I, in which both sexes and all age groups 
participated. The reason for the difference is not apparent. 

3. Case finding programs have been steadily improved and intensified since 
the resumption of public health activities. This factor and others which have 
been discussed are believed to be responsible for the apparent postwar increase 
in tuberculosis incidence. No convincing evidence has been found for a real in- 
crease in the incidence of active open pulmonary tuberculosis over the past two 
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ters, schools, and churches all played an important part in spreading information 
concerning the survey. 

The objectives of the study were broadened from a measurement of a particular 
educational project to include the obtaining of information for program planning 
purposes, so that, as finally stated, the objectives were: 

(1) To test the accomplishments of the educational program of the tuberculosis 
association in one campaign between October, 1947 and May, 1948. 

(2) To provide information concerning people’s knowledge of and attitude 
toward tuberculosis, which will be useful to the tuberculosis association in 
carrying out its educational program. 

The Questionnaire 

A questionnaire was developed by the committee named above. All the 
questions were designed for free responses on the part of the persons interviewed, 
in order not to suggest possible answers and thereby introduce bias into the study. 
For purposes of comparison a number of questions previously used in a Gallup 
Poll were incorporated. The questionnaire was tested and revised before being 
printed and put into use. 

The questions covered the following areas: (a) the cause and communicability of tuber- 
culosis; (6) the cure for tuberculosis; (c) symptoms in tuberculosis; (d) the value of roent- 
genographic examination, and for whom; (c) stigma attached to tuberculosis; (/) attitude 
toward people who have had or who have tuberculosis; (g ) personal responsibility in the 
control of tuberculosis; ( h ) personal acquaintance with tuberculosis, especially in family 
situations; (i) exposure to tuberculosis education. 

THE INTERVIEWERS 

Volunteer interviewers were obtained from the area in which the poll was to be 
taken and came primarily from a group of women interested in and active in the 
local Health Center. 1 These women all attended a training session at which the 
purpose of the poll was carefully outlined, the selection of the sample explained, 
the composition of the questionnaire gone over, and interviewing technique and 
recording carefully explained. Sample interviews were presented for illustrative 
purposes. Interviewers were impressed with the importance of cariying out the 
instructions given them in order not to impair the significance of the study. 

THE SAMPLE 

Silver Spring, Maryland, was selected as the portion of Montgomery County 
in which the poll would be conducted, since it has the greatest concentration of 
people in the county and also because it is an area in which there is great economic 
differentiation. 

The sample was carefully chosen on a household basis. This system was used 
to cut down the bias occurring when intend ewers are allowed to choose their own 
respondents. Also, it automatically gives an accurate sample by economic 
status, as homes are chosen from all parts of town. The area to be polled was 

1 Silver Spring Public Health Lay Committee. 
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the composition of the population at this time. The 1940 census figures on the 
population of Montgomery County show an older and a less highly educated 
group. There is reason to believe, however, that Silver Spring, a city that is 
largely a suburb of Washington, D. C., and which grew rapidly during the war, is 
made up of a younger, better educated group than that reported in 1940 for the 
whole of Montgomery County. The sex distribution in the sample is definitely 
at variance with the existing population. It is likely that there are slightly more 
women than men in the area, but the preponderance of female interviews is 
probably a result of the fact that women were more readily available at home. 
This result was obtained in spite of instructions to interviewers to try to obtain 
half men and half women in their interviews. This has apparently made little 
difference to the sample, as the amount of knowledge held by men and women 
regarding tuberculosis was similar. 

RESPONSES 

A tabulation was made of the questions asked. Here the questions have been 
rearranged by subject matter for ease of presentation. In the interview the 
questions were carefully placed to minimi ze the influence of one question upon 
the answer to another. 

The Cause and Communicability of Tuberculosis 

The following questions were asked in order to determine what ideas people 
have as to the cause of tuberculosis and whether or not they think it is catching: 

CO “What do you think is the cause of tuberculosis?” 

Per cent of Responses 
Foil 1 Poll 2 


Germs 21 26 

Undernourishment or malnutrition 25 30 

Neglect of health 21 17 

Run-down condition or low vitality 26 26 

Living conditions 19 17 

Heredity 12 8 

Don’t know 5 14 

Other 12 8 


There seems to be great confusion among the respondents with regard to the 
cause of tuberculosis. The so-called contributory factors, malnutrition, neglect 
of health, and run-down condition were indicated as often as germs. Recognition 
of the frequent accompanying factors of disease as a basis for social action is 
important in a broad community-prevention program. One-tenth of the 
respondents mistakenly named heredity as the cause. The responses add up to 
more than 100 per cent, as each person was allowed several responses. 

There was a slight improvement in people’s knowledge between the two 
samples. In the second poll five per cent more mentioned germs, 4 per cent less 
mentioned heredity. An interesting phenomenon occurred with the “don’t 
know’s.” The percentage so responding was 5 per cent on sample 1 and 14 per 
cent on sample 2. It may be that persons having fixed erroneous ideas experience 
feelings of doubt when confronted with “facts.” 
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(2) “What do you think a person who has tuberculosis should do to gel well?” 


Rest in bed 

Good food 

Proper medical care. 

Go to hospital 

Fresh air 

Proper climate 

Other 


Per cent of Responses 
Poll 1 Poll 2 


38 

21 

61 

24 

11 

11 

7 


33 

21 

67 

20 

10 

10 

4 


The majority were aware of the importance of proper medical care. Rest in 
bed, good food, and sanatorium care were also recognized. Unfortunately, 
climate is still held as important in the cure of tuberculosis by 10 per cent of the 
people. It is probable that, had a direct question on climate been included, a 
larger percentage would have thought it important. These responses add to 
more than 100 per cent as multiple answers were permitted. Not one person on 
either poll indicated the use of drugs or medicine. 


Symptoms in Tuberculosis 

This question was asked to determine people’s awareness of the absence of 
symptoms in early tuberculosis: 

“In your opinion, when a person first gets tuberculosis, docs he feel all right or 
docs he have definite symptoms ?” 

Per cent of Responses 
I’d! 1 Poll 2 

All right 46 4S 

Symptoms 43 40 

Don’t know 11 12 

Less than one-half of the people questioned in each sample were aware that 
early tuberculosis may exist without symptoms. There was little change be- 
tween poll 1 and poll 2, in spite of the fact that great emphasis was placed upon 
this point during the survey. 


Age and the Occurrence of Tuberculosis 


This question was asked to determine to what extent people were aware of 
tuberculosis as primarily an adult problem, and particularly a problem of the 
most productive years: 

“As far as you know, at what age is tuberculosis most common ?” 


Under 5 

5 to 14 

15 to 44 

45 and over. 
Don’t know 


Per cent of Responses 
roll 1 Poll 2 


6 

18 

73 

9 

11 


3 

13 

SO 

7 

10 


Responses to this question were recorded in terms of any or all age groups indi- 



« nn JM 

. c c; in ^«sr fc#h »«* 

" 

■SSSSh^'Sr-^— . *" 

'"*"~^SSS£;:C ir “ — 

as-,,,, 

Jj><) "'« /.non- 


rJ/^o'P.n^ 

... 63 .’ 


(5) »< if v • , I,,e «®«o, nndT Ti 10 ” ; , aoc ^ c.i 

' ra ycd?” J ou *°!,, for parcK „ 

["rents. . . ' ^ ie A-r fl w , 

Children • J ca > or for 

on t know. . . 3i f«nt 

20 49 
13 


There was 20 49 

* ! 

" fc> tUrncd ^vaffronHr "** rT 

° y° u Personally f cc j mnc ^acs. CDtscQo Srams. S onJ ^ ° 0]y 
J3 cl u ^Variant for ,, borae c Mdrcn 

Yes J CVcr 'J°nctobcX 

2 ncc a year.' 


Yes 

P n 7 « year.... 

As ottcTns ’^ 111 kss of£ en’. ’ ' " 
No > ° n ' t kD0 *- ■ ..' 

Do «'ti-noV. 


&/7 atof 

Si 


si 

39 

25 

6 

11 

15 

i 


00 
51 
27 
11 
7 
S 
1 


v -^UOTT. . . 

Tlig suz^^ * ■ * • 

Usht People sh ould 



MAES KOENTGENOGRAPHIC SURVEY 


501 


(4) “Have you ever had an X-ray of your chest?” 


Yes.: 

Within yenr 

1 to 5 years ago . 
Over 5 years ago 

Don’t know 

No 


Ter 

cent of Responses 

roll 1 

Poll 2 

64 

SO 

20 

65 

2S 

IS 

13 

5 

3 

1 

36 

11 


This question might be considered to give an index to the response of the 
community to the roentgenographic survey. The above findings indicate that 
SO per cent of the people in Silver Spring have had chest roentgenograms, all 
but 5 or 6 per cent within the last five years; 65 per cent (those who have been 
examined within the last year) were probably examined roentgenographically in 
the course of the survej'. 


Social Stigma of Tuberculosis 

This question was designed to determine to what extent people feel that tuber- 
culosis is something of which to be ashamed: 

“If someone in your family had tuberculosis, would you feel free to talk about it 
or would you want to keep it to yourself ?” 

rer cent ol Responses 
Fell 1 Poll 2 


Talk £0 80 

Keep to self 15 15 

No one clse’s business 5 7 

Fear of social stigma 4 3 

Shunning of contagious individual 4 4 

Other 2 1 

Don’t know 5 5 


It is interesting to note that there is no change in people’s ideas regarding how 
freely thej' -would talk about someone in their family having tuberculosis. 
Fifteen per cent of the people would keep such information to themselves and 
5 per cent don’t know whether they would or not. One person in thirty still 
feels a stigma attached to tuberculosis. The others who wouldn’t talk gave 
reasons such as "no one else’s business,” "a matter between the individual and 
his doctor,” and a fear of "shunning of the individual” because of the contagious 
nature of the disease. 

Attitude toward People with Arrested Tuberculosis and Active Tuberculosis 

The following questions were asked to determine people’s attitude toward 
associating with persons in these two categories: 

CO “ Suppose one of the people you worked with, you learned me day, has spent 
some months in a hospital with tuberculosis but has been released by the doctor and 
is able to work. What would you think about this?” 
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This question was designed, not only to discover what course of action an indi- 
vidual would advise for a friend who thought she might have tuberculosis, but in 
the hope that a conclusion might be drawn as to what he might do himself. An 
overwhelming majority would seek medical advice or have a chest roentgeno- 
gram, and no change was reflected between the polls. 

(S) “In chest X-ray surveys about GO per cent of the people come and have an 
X-ray. What do you think is the main reason why the other Ifi per cent do not?” 


Neglect or carelessness.. 

Fear 

Think they are all right 

Don’t know s 

Other 


Per cent of Responses 
Poll 1 Poll Z 


4S 

25 

27 

4 

12 


61 

24 

16 

4 

9 


This question was designed to gather information as to reasons why roentgen- 
ographic surveys are not 100 per cent successful. It was hoped to determine 
from these responses to what degree people stay away from survey machines 
from fear. One-fourth of the respondents seem to feel fear a pertient factor. 
The main reason, however, is neglect or carelessness. There was a slight shift 
from “think they’re all right,” which might reflect an opinion that that is not a 
good reason for staying away. 

(4) “If an X-ray survey were to take place here, would you go and have a chest 
X-ray?” 

Per cent of Responses 
Poll l Poll Z 


Yes 82 83 

No IS 17 

Am checked periodically 6 7 

Physically unable to go 1 1 

Not in favor 1 1 

Too old to be worth while 3 2 

Feel fine 4 1 

Other 3 5 


The results obtained through questioning respondents with regard to participa- 
tion in a proposed roentgenographic survey were approximately the same on 
both polls, as were the reasons for not participating. Comparing this figure to 
the 96 per cent who think it important for everyone to be examined roentgeno- 
graphically, it would seem that some of the 96 per cent feel that everyone but 
they should be so examined. 

(5) “Do you think that tuberculosis is an important problem in this community?” 


Yes 

No 

Don’t know 


Per cent of Responses 
Poll 1 Poll Z 


76 82 

13 11 

11 7 


This question was designed as a warm-up question, and was the first asked in 
each interview. Apparently, having a roentgenographic survey was sufficient 
proof for some that tuberculosis was important. 
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45-and-over age group, however, that the greatest improvement between the 
polls occurs, the 30 to 44 group showing the next best improvement. The score 
of the under 30’s has dropped slightly, but the difference is so small that it is 
almost certainly due to a difference in the sample. 

Classified by the level of education, the results were: 

Average Score 
Poll 2 Poll Z 

All groups 72.0 74.3 

School 63.6 71.5 

High school 70.9 72.5 

College '. 77.3 77.7 

The knowledge regarding tuberculosis varied directly noth the amount of 
education. Since tuberculosis education is not normally a part of elementary 
school education, however, and is usually given at high school and college levels, 
one might expect even more disparity. It would appear that, although knowl- 
edge regarding tuberculosis increases with education, other sources of information 
would appear to be at least equally important. Comparing the scores attained 
by the least educated group on the two polls, it is seen that the greatest improve- 
ment in knowledge occurred in this educational group. Perhaps this group 
recognizes that it does not know and is willing to learn. 

If experience is the best teacher, one would expect people from families in 
which there has been tuberculosis to know more than the average person. 

Average Score 
Poll 1 Poll Z 

All groups 72.0 74.3 

Those with tuberculosis in family 70.5 76.4 

Those with no tuberculosis in family 72.3 73.8 

Before the roentgenographic survey, the people with tuberculosis in their 
families were slightly below the average. After the survey, however, they were 
well above the average, their score having jumped 6 per cent, as compared to 
about 1| per cent for the people with no tuberculosis in their families. This 
would seem to indicate that people with tuberculosis in their families, who have 
reason to be especially interested, learn more than the average when confronted 
with the opportunity to find out the true facts. 

EXPOSURE TO TUBERCULOSIS EDUCATION 

The respondents were asked the following series of questions to determine to 
what educational media regarding tuberculosis they had been exposed and to 
attempt to discover their relative values. The following table shows the per 
cent of the people exposed to the various media. 

Per cent of Responses 
Poll l Poll z 

Have you ever read about tuberculosis in l he newspaper? Yes 90 96 

Havcyoucvcrsccnany pamphlctsorposterson tuberculosis? Yes S2 91 

Have you ever heard anything about tuberculosis on the radio* Yes 77 SG 

Have you ever seen a moving picture on tuberculosis? Yes 34 43 

Have you ever heard anyone talk or speak at a meeting on tuberculosis 1 
Yes 27 37 
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Per cent ar.nser- 

Pc'.ls ins "no" 

Gallup 35 

Hartford 30 

Denver 40 7 

Mishawaka 43 

Silver Spring Poll 1 42 

Silver Spring Poll 2 40 

People everywhere were poorly informed on this subject of the inheritability 
of tuberculosis. 

A great discrepancy is seen in the answers to the question regarding the cause 
of tuberculosis. When asked " What do you think is the cause of tuberculosis ?” as 
the third question in the Silver Spring poll (the first two questions were “Do you 
think tuberculosis is an important problem in this community?” and “Why?”) only 
21 per cent on poll 1 and 26 per cent on poll 2 gave "germs” as the answer. The 
Gallup Poll results were similar, with a 22 per cent response of "germs.” Re- 
ports from Hartford and Denver, however, indicate that at least two-thirds of 
their people knew that germs caused tuberculosis. It is interesting to consider 
why this difference exists. Is it that the people of Hartford and Denver are 
acutely aware of germs as the causative agent of tuberculosis? Was the response 
in some way connected with the way in which the question was worded or placed? 
Has the educational program in these two cities been so far above the country 
as a whole to make this difference? These are just a few questions in which the 
clue might be hidden. Different arrangement of questions might well bring 
different responses. For example, ^if this particular question were preceded by 
“Do you think tuberculosis is catching?” the interviewer might be considered to 
have inserted the idea of a causative agent in the respondent’s mind. 

Most people believe that a person can recover from tuberculosis, as seen by 
the percentages so reporting in the various polls: 

* Per cent answering 

Polls “cure possible ” 

Gallup S3 

Hartford 90 s 

Denver 75 9 

Silver Spring Polls 1 and 2 95 

The citizens of Silver Spring appear to have a more optimistic outlook than the 
others. 

Somewhat comparable questions were asked in Mishawaka and Silver Spring 
to determine people’s attitudes toward the person with arrested tuberculosis. 
The responses indicate that 78 per cent in Mishawaka and 82 per cent in Silver 
Spring would be willing to work alongside a person who has recently recovered 
from tuberculosis. (Denverites generally believed that a person with arrested 
tuberculosis can resume normal living, only 19 per cent suggesting that an ex- 
tuberculosis patient would be under extreme restrictions.) 

7 Reported as “about four in ten.” 

8 Reported as “9 out of 10.” 
s Reported as “3 out of 4.” 
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(S) College people are better informed than high school people, who are, in 
turn, better informed than those with only an elementary school education. 

(4) Persons with tuberculosis in their families know less than average on 
poll 1 but more than average on poll 2. 

The improvement in people’s knowledge during the roentgenographic survey 
was slight, only 2.3 per cent. However, greater improvement can be noted in 
some sections of the population and on some of the questions, e.g., in age groups 
over 45, in persons with grammar school education or less, in persons with 
tuberculosis in their families, and most notably on questions having to do with 
roentgenographic examination. The fact that persons with tuberculosis in their 
families improved in knowledge regarding tuberculosis emphasizes the receptive- 
ness of this group and points up the need for more intensive education. 

A comparison was made of the results of the Silver Spring polls with those of 
similar polls conducted by the Gallup Poll and in the cities of Hartford, Connecti- 
cut; Denver, Colorado; and Mishawaka, Indiana. The most striking thing 
about such a comparison is the similarity of knowledge in these widely separated 
cities. 

It would seem that during a roentgenographic survey, people’s ideas about 
tuberculosis did not change radically, even though their ideas with regard 
to roentgenographic examinations did. It may be that, if knowledge has been 
increased in this one area, an important accomplishment has been made. Adver- 
tising specialists concentrate on one thing at a time, as an effort to cover a multi- 
tude of points accomplishes little. Education is a cumulative experience. To 
accomplish desirable objectives, tuberculosis education must be continuous. 

It seems somewhat difficult to change preconceived ideas. It might even be 
said that an intermediate step to complete change is one of doubt. This concept 
would reemphasize the importance of the right idea in the first place and make 
the school of paramount importance in a community education plan. 

Evaluation is an important part of any activity. The results reported above 
have furnished figures on the level of tuberculosis knowledge in Silver Spring on 
two different occasions, and have shown what can be expected in increased 
knowledge through an educational campaign such as accompanied the Mont- 
gomery County chest roentgenographic survey. Equally important, the facts 
are now available to furnish a sound foundation for future program planning. 

SUMMARY 

Two public opinion polls, one preceding and one following a county-wide chest 
roentgenographic survey, were conducted in Silver Spring, Maryland, in an 
attempt to find out what people learn about tuberculosis in the course of a 
roentgenographic survey. At the same time an attempt was made to obtain 
information of the people’s knowledge and attitude concerning tuberculosis for 
use in the planning of future programs. Every step, the design of the question- 
naire, the selection of the sample, the training of the volunteer interviewers, and 
the analysis of the responses, was carefully planned and executed in order that 
the results should be statistically accurate. 
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ORAL PROTEIN HYDROLYSATE IN PULMONARY TUBERCULOSIS 


A. A. KINK EAR AND E. N. KEEN 1 

(Received for publication May 13, 191S) 

This paper records the results of feeding protein hydrolysate to colored adult 
males with tuberculosis. Thirty-eight patients were studied in all, 19 were 
“test” patients and 19 were “control” patients. To preserve random sampling, 
alternate patients were allotted as “test” patients. 

PLAN or INVESTIGATION 

Complete clinical and radiological examinations revealed no evidence of other 
diseases. The urine of all patients was essentially normal except for one instance 
of transient albuminuria which later cleared. No evidence of amyloidosis was 
detected. 

“Control” patient? and “test” patients alike were submitted to the following procedures : 

(/) The weight was recorded at 21 day intervals. 

(5) The daily temperature was routinely recorded. 

(S) The blood sedimentation rate was determined at 21 day intervals. 

(4) A roentgenogram of the chest was taken at 21 day intervals. 

(5) Ten ml. of blood were drawn from an arm vein with minimal constriction, also at 
21 day intervals. Of this, 5 ml. were put into a tube with the correct amount of 
standard IVintrobe anticoagulant mixture. This portion was used to determine the 
packed cell volume, the hemoglobin concentration and hence the mean corpuscular 
hemoglobin concentration. The remaining 5 ml. of blood were allowed to clot and 
the scrum separated. Part of this serum was fractionated and the remainder was 
used for the empiric liver function tests. 

Eacli “test” patient was then given 50 Cm. of protein hydrolysate 1 per day over and 
above his ordinary hospital diet. This protein hydrolysate yielded 53 per cent protein 
on triplicate Macro-Kjcldahl determinations. At three weeks from the commencement of 
feeding and again at six weeks, blood was withdrawn as before and the investigations out- 
lined above were repeated. The unpalatability of the preparation caused no difficulty. 

Methods: The erythrocyte sedimentation rate was determined in Westergren 
tubes and the fall at the end of one hour was corrected for anemia bj' means of 
the packed cell volume. 

The packed cell volume was determined in a standard Wintrobe (1) tube, after 
centrifuging for 30 minutes at 3,000 r.p.m. 

Hemoglobin was determined by an alkaline hematin method. A Hilger 
photoelectric absorbiometer was calibrated with the inorganic solution of Gibson 
and Harrison (2), using a green filter at 530 /r. The resulting graph was used in 
reading hemoglobin values, estimations of which were done at least twice for 
each specimen. 

1 From the Union Health Department Laboratories, Cape Town, South Africa. 

1 Carnesco, a brand of protein hydrolysate was kindly made available through the good 
offices of Dr. B. A. Dormer, Chief Tuberculosis Officer for the Union, and the Natal Branch 
of the S. A. Red Cross. The formula supplied with the Carnesco A was: meat flour 40 per 
cent, dried skim milk 40 per cent, sugar 16 per cent, food yeast 4 per cent. 
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had erythrocyte sedimentation rates of 10 mm. or less. This proportion did not 
significantly alter during the six weeks, and in general, the rate neither altered 
nor fluctuated to any great extent in patients from either group. Getz, West, 
and their associates (12) found a positive statistical correlation between the 
sedimentation rate and the serum albumin level. An opportunity was taken to 
confirm these findings. 

Over a total of 111 observations, a positive correlation of 0.00 was found. 
The fact that the amount of plasma albumin is one of the factors influencing the 
rate of clumping and sedimentation of red blood corpuscles was further illustrated 
by Gray and Mitchell (13), who showed that albumin added to blood with a rapid 
erythrocyte sedimentation rate slowed the rate down. These results, however, 
did not rule out the possibility that other protein fractions may have important 
effects on the sedimentation rate. 

Packed cell volume: The proportion of patients (20 of 38) in whom the packed 
cell volume did not fall below 45 per cent must be compared with the figures for 
hemoglobin as given below. It would seem to indicate that the tuberculous state 
has rather less effect on the production of an adequate volume of red cells than it 
has on hemoglobin metabolism. 

Hemoglobin: A hemoglobin concentration of 14 Gm. per 100 ml. was arbi- 
trarily chosen as the lowest normal value. Twenty-four of the 38 patients failed 
to reach this level. This standard is probably less stringent than that set for 
packed cell volume and a higher figure would obviously have brought out the 
difference to a greater extent. Getz, West, and their associates (12) showed 
that the most constant deficiency finding in a series of adult males with tuber- 
culosis was vitamin G deficiency. After that came hemoglobin deficiency and 
then plasma protein deficiency, especially in the albumin fraction of the serum 
protein. The present figures tend to confirm the hemoglobin findings although 
over one-third of the patients had more than 14 Gm. of hemoglobin per 100 ml. 
of blood. 

Mean corpuscular hemoglobin concentration: As might be expected from the 
data already presented, the values for the mean corpuscular hemoglobin concen- 
tration showed striking reduction. The accepted normal lower limit of hemo- 
globin saturation is 32 per cent and only two estimations throughout the survey 
fell at or above this level. A poor hemoglobin concentration can thus be said to 
be the only consistent finding in all of the patients of this survey and is the point 
in hemopoiesis which the tuberculous toxemia appears to effect. The anemia 
produced is of the type classically supposed to result from disorders of iron 
metabolism resulting in poor hemoglobin synthesis. These patients had ade- 
quate iron in their diet and were not subject to repeated bemoptyses. Globin, 
a protein of the histone class, constitutes about 96 per cent of the hemoglobin 
molecule and it may be assumed that availability of protein is a necessity in the 
synthesis of hemoglobin. Orten and Orten (14) studied the formation of hemo- 
globin following the administration of certain amino acids to rats fed a diet low 
in protein. They concluded that no single amino acid was of paramount im- 
portance in hemoglobin synthesis, but rather that a combination of amino acids 
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ionic strength of a solution is minced, the solubility of certain proteins is reduced 
and they are precipitated. This principle is used to advantage in both the 
thymol turbidity test and the buffer dilution test of Wolff. The fact that, the 
thymol turbidity test is probably associated with an excess of beta globulin in the 
serum, and also that certain lipemic sera show a marked increase in the beta 
globulin fraction, adds n complicating factor to the interpretation of the thymol 
turbidity tost taken by itself as an indication of liver dysfunction. 

Although clinical evidence of hepatic insufficiency is rare in tuberculosis, the 
more sensitive tests show that functional derangement is not uncommon. A 
series of patients examined by Kruger and Gerber (Iff) and Hurst cl al. (17) 
showed abnormalities in n proportion of patients, predominantly in the very ad- 
vanced phases of pulmonary tulverculosis. It is interesting to note that Hurst 
and hi? colleagues failed to show changes in hepatic function with both the oral 
and intravenous hippuric acid test. 

The present results with the flocculation tests do not seem to confirm the find- 
ing of liver derangement in pulmonary tuberculosis. Only a small number of 
tests were carried out, however, and it is a well-known fact that functional ability 
of the liver cannot Ik? measured by any single functional test ; a veritable battery 
of tests measuring different functions seems to be the only safe measure. Mac- 
lagan (20), using the flocculation tests, found one positive test in IS patients 
suffering from pulmonary tuberculosis. It is interesting to noto also that sig- 
nificant deviations from the normal were only consistently obtained with the 
serial bromsulfalein test. If some of these empiric tests owe their positivity 
to the excess of gamma globulin in the scrum, and good antibody response is 
likewise associated with an increased gamma globulin fraction of the serum, the 
interpretation of the increased gamma globulin fractions cannot be construed as 
evidence of liver disease in infectious diseases. 

COMMENT 

The original purpose of the present study was to demonstrate the effect, if 
any, of adding protein hydrolysate to the diet, of adult colored males with tuber- 
culosis. Clinical data were studied and, in addition, roentgenogrnphic examina- 
tions of the chest, erythrocyte sedimentation rates, and the blood analyses 
outlined above were carried out in order to measure any change in clinical or nutri- 
tional state. The reasoning behind the experiment was that some tuberculous 
patients found difficulty in digesting first-class protein, such as meat. The idea 
of giving such patients protein hydrolysate is not a new one. The liver is inti- 
mately concerned in protein metabolism and probably synthesizes proteins from 
amino acids supplied to it from the blood. Thus it seems reasonable to assume 
that the liver could continue this function if furnished with the necessary amino 
acids provided its own function was not grossly deranged by a disease process. 
For this reason empiric liver function tests were carried out on all sera and, as 
already stated, revealed very little evidence of liver dysfunction by themselves. 
Cox and Mueller (IS) found that orally or intravenously administereed protein 
hydrolysate was equally effective in the regeneration of plasma albumin in liypo- 
proteinic patients. 
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Madden and Whipple (19) showed that amino acids as the sole source of nitro- 
gen in standardized dogs could produce plasma proteins and the response com- 
pared favorably with the response of first class proteins in corresponding amounts. 

The precise values in the observations of the present study can be seen in ta- 
ble 1 and are set out in table 2 in detail. Each patient was studied separately and 
the change in this nutritional state recorded. The mean values were calculated 
as well as the Standard Deviation for the variance of the changes. The standard 


error of the mean was calculated from the formula 


g j) 

-- — ~ where “n” is the num- 
n— 1. 


ber of patients studied. 

All the values indicate a very slight increase (including the serum globulin 
values), but the second column shows clearly that all these figures can be disre- 


TABLE 2 


Change in Values after Sir ITcc/cs 



VEAN CHANGE 

STANDARD ERROR 07 

TOE MEAN 

Total Scrum Protein 



Test group 

+0.21 Gm. 

±0.17 Gm. 

Control group 

+0.09 Gm. 

ihO. 14 Gin. 

Scrum Albumin 



Test group 

+0.02 Gm. 

±0.13 Gm. 

Control group 

+0.05 Gm. 

±0.12 Gm. 

Serum Globulin 



Test group 

+0.04 Gm. 

±0.18 Gm. 

Control group 

+0.20 Gm. 

dzO. 19 Gm. 

Packed Cell Volume 



Test group 

+0.6 per cent 

±0.89 per cent 

Control group 

+1.25 per cent 

±0.61 per cent 

Hemoglobin 



Test group 

+0.02 Gm. 

=b0.31 Gm. 

Control group 

+0.08 Gm. 

±0.25 Gm. 


garded as being insignificant. The only possible exception is the mean increase 
in packed cell volume in the “control” group where the actual mean change was 
about twice its standard error. Such a result might occur by chance about once 
in twenty times. These data then fail entirely to show any measurable effect of 
the feeding of protein hydrolysates to these patients over a period of six weeks. 
The same conclusion was reached after intensive and careful study of the clinical 
and radiological records. 


SUMMARY 

Thirty-eight patients with pulmonary tuberculosis were divided into two equal 
groups. One group received an additional dietary supplement of 50 Gm. of pro- 
tein hydrolysate per day. 

The results of this treatment were gauged by clinical, roentgenographic, and 
biochemical methods. 
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SUPPLEMENTARY ORAL PROTEIN HYDROLYSATE THERAPY IN 

TUBERCULOSIS 1 

SAMUEL COHEN and Y. Y. MA 
(Received for publication July 2S, 194 S') 

INTRODUCTION 

The importance of adequate protein nutrition in a number of medical and sur- 
gical conditions has been frequently stressed in recent years. Protein deficiency 
may be due to an insufficient intake, poor absorption or assimilation, excessive 
protein destruction or loss. In infection, the degree and duration of destruction 
of protein depends on the severity and chronicity of the disease. The attempt 
to utilize protein for repair of damaged tissue takes precedence over and may oc- 
cur at the expense of the catabolism of normal tissue. Consequently, it is prob- 
able that the ordinary hospital diet may not at times be adequate to supply this 
combined demand for protein. Also, a higher than usual caloric intake may be 
necessary because, if fats and carbohydrates are not present in sufficient amount, 
protein will be burned for heat. The quality of protein as well as its quantity 
is important too. Animal protein is generally preferable to vegetable protein. 
A deficiency of protein may be due to an insufficiency of protein per se or of 
specific amino acids. Of the twenty-one amino acids, eight are considered as 
essential in man for the formation of protein and other nitrogenous compounds. 
These essential amino acids cannot be synthesized by the body but must be sup- 
plied in the food. 

An experiment was undertaken in a group of patients with far advanced tuber- 
culosis to supplement the regular hospital dietary with the oral use of amino acid 
mixtures available in protein hydrolysates. An attempt was made to correlate 
the value of this nutritional regimen with clinical observations and laboratory de- 
terminations. 


MATERIALS AND METHODS 

Selection of patients: Patients were selected who fulfilled the following criteria: ( 1 ) resi- 
dence in hospital for at least six months prior to the supplementary use of protein hydroly- 
sates; (2) evidence of unfavorable clinical and/or roentgenological course with sputum 
positive for M. tuberculosis, weight loss, and fever. Attempts at collapse therapy had been 
unsuccessful in these patients or they were considered unsuitable for such therapy when the 
study was begun. 

During the preliminary observation period, the patients received a general diet which 
in this hospital ranges from 2,500 to 2,700 calories with an average protein allowance of 70 to 
90 Gm. In addition, the patients received between meal nourishment of three glasses of 
milk daily or an approximate equivalent substitute depending on the patients’ preference, 
and also a supplementary intake of vitamins. 

Clinical and laboratory studies: A physical examination was done at the onset and re- 
peated as indicated. Sputum examinations were ordered as necessary. Roentgenograms 
of the chest were taken before therapy and at approximately three month intervals. The 

_ 1 Prom the Berthold S. Poliak Hospital for Chest Diseases, Medical Center, Jersey City, 
New Jersey. 
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hospital diet, liis weight had declined to 102 lbs. on July 1, 1946. The temperature ranged 
up to 100°F. On September 16, amino acid therapy (Edamin and Dextri-Maltose 240 Gm. 
each) supplementing a regular diet containing 75 Gm. of protein was initiated. The weight 
was now 104 lbs., the sputum was positive for tubercle bacilli and a chest roentgenogram, 



Fig. 1. (Left) Case I (F. L.). September, 1946 
Fig. 2. (Right) Case I. September 10, 1946 



Fig. 3. Case I. Relation of blood volume, weight and total circulating protein 


September 10, 1946, (figure 2) revealed evidence of a right sided thoracoplasty, bilateral pro- 
ductive disease with cavitation, a recent bronchopneumonic spread on the left, and adhe- 
sive pleurisy. The patient exhibited no significant untoward gastro-intestinal symptoms 
during the period of dietary therapy. He made no serious objection to the taste of the 
amino acid preparation. 
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April 2, 1947 was 117.5 lbs. which represented a gain of 13.5 lbs. during the more than six plus 
months of supplemental amino acid therapy. The increase in the weight was paralleled 
bv an increase in blood volume and a slightly less marked increase in the total circulating 
protein. The hematocrit determinations were consistently subnormal and significantly 


TABLE 2 

Summary of Data, Case IT ( R . T.) 


DIET 

DATE 

WEIGHT 

E S.R. 

HEMA- 

TOCRIT 

SERUM PROTEINS 

PLASMA 

VOL- 

UME 

BLOOD 

VOL- 

UME 

TOTAL 

CIRCU- 

LATING 

PRO- 

TEINS 




hi 


Gm. 

CC. 

CC. 

Gm. 


1/ 7/46 
(Admitted) 


1 



~ 

~ 



Apr./46 

(max.) 

143 

■ 

— 

— 

— 

— 

— 

Regular 

7/ 1/46 

129.5 

2$ 

22 

T.P.— 7.5 

A. — 1 . / 
G.— 2.S 
j A/G.— 1.6:1 

3,390 

4,346 

254 


9/10/46 

121 

i 

26 

21 i 

T.P.— 7.9 
A— 4.9 
G.— 3.0 
A/G— 1.6:1 

3,129 

3,960 

247 

Regular plus oral 

11/14/46 

116 

24 

21 

T.P.— 7.5 
A.— 4.1 
G— 3.4 
A/G— 1.2:1 

3,662 

4,637 

274 

amino acid ther- 
apy 

Edamin — 275 Gm. 
DAI —275 Gm. 
Started 9/16/46 

1/16/47 

10S 

29 

20 

T.P.— 7.2 
A.— 3.6 
G— 3.6 
A/G— 1:1 

3,2S0 

4,100 

236 

Protein Granules 
(200 Gm.) 
Substituted 12/20/ 
46 

V 5/47 

f 

105 

Last 

weight 

record 

1 







j 3/ 8/47 
| (died) 

— 

— 

— 

I _ 

1 

i 

— 

— 

— 


unchanged. The total serum protein concentrations remained within normal limits al- 
though the albumin-globulin ratio was depressed (table 1, figure 3). 

Case II : It . T., a white male, age 43 (figure 4) , was admitted January 7, 1946 with bilateral 
far advanced infiltrative and cavernous tuberculosis with sputum positive for tubercle 
bacilli. On bed rest his weight increased from 123 lbs. on admission to a maximum of 
143 lbs. in April, 1946. A chest roentgenogram in September, 1946 (figure 5) showed dis- 
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weaker, lost weight and his disease progressed, as determined on subsequent roentgeno- 
grams. The patient died March 9, 1947 after a therapj- period of approximately six months. 

TABLE 3 


Summary of Data . Case III (P. D .) 


DIET 

DATE 

WT. 

E.S.R. 

HEM- 

ATO- 

CRIT 

SERUM 

FROTEIXS 

PLAS- 

MA 

VOL- 

UME 

BLOOD 

VOL- 

UME 

TOTAL 

CIRCU- 

LAT- 

ING 

PRO- 

TEINS 

LIVER FUNCTION TESTS 


1/25/43 

Admitted) 

lbs. 

Not re- 
cord- 
ed 

- 

- 

gm. 

CC. 



CC. 

gm. 



Ang./43 

136 ! 

- 

- 

- 

- 

- 

- 


Regular 

0/24/40 

142.5 

25 

24 

T.P. — 7.7 

A —4.5 

G —3.2 
A/G — 1.3:1 

3,520 

4,040 

271 



10/24/40 

13S.5 

24 

24 

T.P. -7.5 

A —5.3 

G -2.2 
A/G. — 2.4: 1 

3,231 

4,251 

245 



1/23/47 

130.5 

23 

24 

T.P. -7.S 

A —5.4 

G -2.4 
A/G.— 2.2: 1 

2, 810 

3,657 

219 

Bromsulfidein dyo test 

1 /30/47— 0.5 per cent re 
tention 

12/1 S/47— Negative 

Rcgiilnrplus oml 
mnino ncid 

therapy 

Protolywitc— 310 
Gm. 

D.M.-310 Gm. 
Started 10/2S/4G 

4/23/47 

145.5 

22 

22 

T.P. -7.4 

A —4.9 

G -2.5 
A/G.— 1.9:1 

3,521 

4,512 

200 


7/ S/47 

14S 

25 

21 

T.P. — S.2 

A —4.0 

C. —3.0 
A/G.— 1.2:1 

3.S17 

4.S31 

312 

Ccphnlin Flocculation 
1/30/47 — Negative 
12/18/47— -Negative 


0/10/47 

152.5 

23 

24 

T.P. —S.2 

A —5.4 

G — 2.S 

A/G. — 1.9: 1 

4.453 

5.S59 

315 


Regular from 0 J 
17/47 to 3/10/48 

12 10/47 

i 

| 

i 

1,5, 

i 

J 

23 

J 

25 

1 

T.P. — 6.S 

A —4.4 

G -2.4 
A/G. — 1.5:1 

3,050 

1 

4, SG0 

24* 


j 3/10/4$ 

i 

1 

j M0.5 

I 

i 

! 23 

1 

i 

1 

i **“ 

j 

T.P. -0.1 

A — 3.S 

G —2.3 
A/G. — 1.0: 1 

3,407 

i 

4.4S1; 214 



1 ho dietary program was definitely unsatisfactory but his prognosis was hope- 
less from the beginning. There was poor correlation between the blood volume 
and weight records. The hematocrit was low, the serum protein concentration 
normal, but the albumin-globulin ratio was subnormal (table 2, figure G). 


E 


Pig. 7. (Left) Case III (P. D.). October, 1916 
Fig. S. (Right) Case III. October 4, 1946 


• WT. 

B.V. 

* T.C.P. 


IS 


LBS. 1/1/46 f M/1 1/1/47 3/1 3/1 


- 200 J 3600 
GM. CC. 


THERAPY STARTED 


THERAPY DISCON. 


Fig. 9. Case III. Relation of blood volume, weight and total circulating protein 


culosis. His standard normal weight was 160 lbs., the maximum 195 and the entrance 
weight was not recorded because of the pulmonary bleeding. In August, 1943 his weight 
was 136 lbs. and during the next three years he gained up to 142.5 lbs. (September 24, 1946), 
although his weight dropped to 13S.5 lbs. one month later. A roentgenogram of the chest 
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(October 10, 1046) (figure S) revealed that, considerable clearing had occurred compared t,o 
the admission findings but residual bilateral emphysema with productive infiltration and 
multiple small cavities persisted in the upper lung fields. The sputum was positive for 
^[. tuberculosis and lie had the additional complications of amyloidosis (albuminuria, en- 
larged liver, 100 per cent, retention of congo red in tissue) and hoarseness wit bout dysphagia. 

On October 2$, 1946, the hyperalimentation regimen was begun consisting of the 75 Gm. 
protein diet plus Protolysalc (310 Gm.) and an equal amount of Dextri-Maltosc. During 
the first two months, the patient vomited about once every other day and had diarrhea for 
one day. His weight declined to 136.5 lbs. in January', 1047, but thereafter showed a steady 
increase to 152.5 lbs. on September 16, 1917, when the dietary therapy was discontinued 
after a period of approximately eleven months. In other words, his 14 lb. net gain in weight 
(from 13S.5 to 152.5) in this latter interval was greater than had occurred in the three year 
previous period while on the ordinary hospital diet. Xo very significant change in the 
pulmonary process was noted on serial roentgenograms. The sputum remained positive 
for .If. tuberculosis, albuminuria diminished, hoarseness persisted and another Congo red 
test (October 3, 1947) showed no change. During supplemental amino acid therapy, there 
was a concomitant and significant increase in the plasma and blood volumes and the cir- 
culating protein; the serum protein and the albumin-globulin ratio remained essentially 
normal (table 3, figure 9). An abnormal value for the bromsulfalcin test, which was 
noted about three months after treatment was started, became normal on completion of the 
dietary therapy. 

The patient reverted to the original regular diet alone and observations were made in 
this control period during the six month interval between September, 1947 and March, 194S. 
He maintained almost the same weight for about three mont hs and then a decline occurred 
to 140.5 lbs. The plasma and blood volumes and the circulating blood protein also dimin- 
ished and the albuminuria increased (qualitative determination). Fluoroscopic and roent- 
gcnographic examinations of the chest in this period revealed no change. 

The evidence strongly indicates that the addition and subsequent subtraction 
of the protein hydrolysate from the regular diet in this patient was directly' re- 
lated to the rise and fall in weight. 

Case IV: J. M., a 41 year old white male (figure 10), entered the hospital April 10, 1941 with 
bilateral pulmonary tuberculosis and a large cavity in the left upper lobe. His weight was 
110 lbs. and the highest recorded weight was 112 lbs. on May 2S, 1946. A two stage thoraco- 
plasty (left) was done September, 1946. Further operation was contraindicated because of 
poor respiratory reserve and a residual cavity and sputum positive for M. tuberculosis per- 
sisted (figure 11). Following thoracoplasty, the weight declined and on December 20, 1946 
it was 99 lbs. at which time he was started on the diet containing 75 Gm. of protein and sup- 
plemented by Protolysate and Dextri-Maltosc, 225 Gm. each. The patient’s objection to 
the taste of the product was overcome by the addition of 4 cc. of peppermint water to the 
liter of mixture. He vomited once on the first day but at no time did he have abdominal 
cramps or diarrhea. Hyperalimentation therapy was stopped in September, 1947 after 
about nine months. At this time his weight was 107.5 lbs. which represented a gain of 8.5 
lbs. The plasma and blood volumes and the circulating protein determinations fluctuated 
and showed no consistent correlation with the weight records (table 4, figure 12). Two 
liver function tests were normal. 

During the second control period of six months with resumption of the regular hospital 
diet, the patient exceeded slightly the last recorded weight while he received Protolysate 
(107.5 to 109.5 lbs.). Serial roentgenograms showed some diminution in size of the residual 
cavity (left) both during amino acid therapy and subsequently, but the improvement was 
attributed to the bed rest regimen. 
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In summary, this patient tolerated well the hyperalimentation diet which was 
begun approximately three months after the thoracoplasty operation because of 

TABLE 4 


Summary of Data, CasclV (J. M.) 


DIET 

DATE 

\VT. 

E.S.R. 

HEM- 

ATO- 

CRIT 

SERUM 

PROTEINS 

PLAS- 

MA 

VOL- 

UME 

BLOOD 

VOL- 

UME 

TOT A I 
CIRCU' 
LAT 
INC 

PRO- 

TEINS 

LIVER FUNCTION TESTS 


Apr./41 

lbs. 

110 

(admit- 

ted) 

- 

- 

gin. 

cc. 

CC. 

gm. 


Regular 

11/19/40 

97 

26 

22 

T.P.-7.7 

A -5.7 

G —2.0 
A/G.-2.S: 1 

2,077 

2,663 

159 



12/19/40 

09 

21 

26 

T.P. —0.6 

A —4.3 

G -2.3 
A/G. — 1.8:1 

1.0S2 

2.67S 

130 



2/19/47 

100.5 

19 

24 

T.P. -6.5 

A —4.0 

G -2.5 
A/G -1.6:1 

2,412 

3,173 

156 

Bromsulfalcin dye test 
1/30/47—1.0 per cent re- 
tention 

12/23/47—0.5 per cent re 
tention 

Regular plus oral 
amino acid 

therapy 

Protolysate— 225 
Gin. 

D.M.-225 Gin. 
Started 12/20/40 

4/24/47 

101 

11 

20 

T.P. -7.0 

A —4.9 

G -3.0 
A/G. — 2.6: 1 

1.S32 

2,410 

144 

7/ S/47 

102.5 

20 

22 

T.P. -S.3 

A -5.7 

G -2.6 
A/G. — 2.2: 1 

2,040 

2,615 

217 

Ccphnlin Flocculation 
1/30/47— Negative 
12/23/47— Negative 


9/14/47 

107.5 

19 

23.5 

T.P. -8.2 

A —5.0 

G -3.2 
A/G. — 1.5: 1 

1,723 

2,252 

141 


Regular (from 
9/15/47 to 3/10/ 
48) 

■ 

109.5 

15 

27 

T.P. -7.3 

A -4.7 

G -2.0 
A/G.— 1.8:1 

2,130 

2,930 

156 


3/10/4$ 

109.5 

1G 

23 

T.P. -6.3 

A —3.0 

G —2.4 
A/G.— 1.2:1 

2.3GG 

3,072 

149 

! 



his slow constitutional recovery. An increase in weight followed and this ten- 
dency was maintained after amino acid therapy was stopped. 

Case V: I. F., a 35 year old white female (figure 13) with a history of tuberculosis since 1937 
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status slight resolution of the infiltrate in some areas but a definite increase in size of 
cavitation. 

Hyperalimentation therapy was started March 21, 1947 with the addition to the usual 
diet of 240 Gm. each of Edamin and Dextri-Maltose. Occasional nausea and vomiting 


TABLE 5 

Summary of Data, Case V (7. F.) 


DtET 

DATE 

WT. 

E.S.R. 

HEM- 

ATO- 

CRIT 

SERUM 

PROTEINS 

PLAS- 

MA 

VOL- 

UXCE 

BLOOI 

VOL- 

UME 

TOTAl 

'CIRCU- 

LAT- 

ING 

PRO- 

TEINS 

J 

LIVER FUNCTION TESTS 


2/18/40 

lbs . 

101 

(admit- 

ted) 

- 

- 

gm. 

re. 

CC. 

gm. 

- 

Regular 

Aug./46 

ltG 

(max.) 

— 

— 

— 

- 

- 

- 


3/20/47 

105 

25 ; 

21.5 

T.P. — 5.S 

A —3.2 

C. —2.0 
A/G.— 1.2:1 

2, SOI 

3,021 

105 


Regular plus 

amino acid 

therapy 

Edamin— 2-10 Gm. 
D.M. — 240 Gm. 
Started 3/21/47 
Protein granules 
— 350 Gm. 

D.M —350 Gm. 
Started 5/12/47 

4/24/47 

104 

B 


T.P. -7.4 

A —4.0 

G — 2.S 

A/G.— 1.3:1 

2,355 

2,945 

174 

Bromsulfaicin dye test 
3/23/47— S. 5 percent r 
tention 

12/29/47— Negative 

5/22/47 

101.5 

i 

I 

! 27 

II 

! 

19 

I 

T.P. —8.1 

A —4.5 

G —3.0 
A/G. — 1.3: 1 

2,233 

2:757 

ISO 


7/24/47 

98 

20 

i 

! 19.5 

T.P.-S.4 

A —5.7 

G -2.7 
A/G— 2.1 

2.43S 

2,931 

204 

Ceplmtin Flocculation 
3/23/47 -f- 
12-29-47 — Negative 


9/ 9/47 

07 

19 

20 

T.P. — S.l 

A —4.7 

G —3.4 
A/G. — 1.3:1 

2.23S 

2,797 

1SI 


Regular (from 
9/10/47 to 3/12/ 
4S) 

12/18/47 

94.5 

24 

24 

T.P. — 7.S 

A —4.0 

G —3.2 
A/G.— 1.4:1 

2,040 

2,692 

159 


3/12/4S 

00 

22 

IS 

T.P. —7.0 

A —4.1 

G —2.9 
A/G. — 1.4: 1 

2,347 

2, Sf>2 

104 



occurred and, because the mixture became distasteful, 350 Gm. of Protein Granules wore 
substituted on May 12, 1947. This product was more palatable but had to bo discontinued 
on occasions. After approximately six months, the dietary regimen was stopped in Septem- 
ber 1947. Progression of the pulmonary disease on the right side was noted and she lost 
7 lbs. (from 104 to 97) during therapy. Further loss of weight occurred in the six months 
post-therapv observation period, 90 lbs. on March 12, 194S, although the roentgenogram of 
the chest showed slight regression of disease. 
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The blood volume and the circulating protein determinations for the most part did not 
parallel the weight records (table 5, figure 15). The result of the bromsulfalein test was 
definitely abnormal at the onset of treatment and later reverted to normal. 


T 4 


Fig. 13. (Left) Case V (I. F.). March, 1947 
Fig. 14. (Right) Case V. March 3, 1947 


UBS. 2/1/47 1 4/1 

THERAPY STARTED 


THERAPY DISCON. 


GM. CC. 


I'ig. 15. Case V. Relation of blood volume, weight and total circulating protein 

In summary, the results with hyperalimentation in this patient were poor 
both from the point of view of tolerance to it and from other objective findings. 
The unfavorable constitutional trend which was present before and during treat- 
ment also continued after its cessation. 
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parent after five to seven months of therapy. It was felt that these patients re- 
vealed more improvement with the combination of bed rest and hyperalimen- 
tation than could have been expected ordinarily. In none, however, was there 
an increase in the plasma protein to match the increase in weight. 

Many patients with advanced disease will show significant constitutional and 
roentgenologic improvement for variable periods of time with bed rest and the 
usual dietary program. In this report, the clinical proctocols of the patients, 
together with their photographs and chest roentgenograms at the time the hyper- 
alimentation commenced, give adequate visualization of their generally poor con- 
dition and the far advanced tuberculosis. It is believed that the control periods 
of the experiment in these G cases in comparison with results obtained during the 
dietary therapy permitted a fair evaluation of hyperalimentation. Three pa- 
tients (Cases I, III, IT) showed significant, constitutional response with gain in 
weight for which the supplemental protein hydrolysate regimen deserves most 
or all of the credit. The pulmonary lesion was improved in 2 and stationary in 
one but these effects could not. be properly attributed to hyperalimentation per 
se. One patient (Case I) died suddenly and 2 arc living after the regular diet 
was resumed. One of these patients (Case III) lost weight and the other (Case 
IV) continued to increase his weight. The second group of 3 patients (Cases II, 
V, VI) lost weight during hyperalimentation and also revealed roentgenologic 
progression of tuberculosis, although in one the disease subsequently became 
quiescent probably due to streptomycin therapy, and thoracoplasy was per- 
formed. This patient (Case VI) thereafter gained weight on the regular diet 
alone. Another living patient (Case Y) continued to lose weight after the ordi- 
nary hospital diet was reinstituted, while Case II died from further dissemination 
of pulmonary tuberculosis. 

The laboratory test which has been used most widely in the detection of pro- 
tein deficiency is the concentration of the plasma or serum protein. According 
to Peters and Eisenman (7) the normal range of total protein is from 6.0 to S.O 
Gm. per 100 cc.; the albumin is between 4.0 and 5.5 and the globulin from 1.4 to 
3.0 Gm per 100 cc. This test, however, does not necessarily afford an index to 
the protein store in the body, as in patients with a slow development of protein 
malnutrition there may be no manifest hypoproteinemia until a considerable 
protein deficiency occurs in the tissues. Also in protracted infections there is 
frequently a shrinkage of the blood volume with loss of water which results in a 
relative increase in the serum protein (S). The actual concentrations of the 
albumin and globulin fractions are of more significance than their ratio. A low- 
ered albumin, especially below 2.5 Gm. per 100 cc., is usually associated with 
frank edema although such factors as bed rest and dehydration may retard or 
lessen the edema. None of the patients actually showed edema or hypoprotein- 
emia below the critical level; the globulin on occasions was high normal or above. 
Determinations of the plasma and blood volumes and the total circulating blood 
protein may give a more accurate picture of the state of protein nutrition, par- 
ticularly iu the earlier stages of deficiency and before the onset of edema. Chow 
(9) has stated that regeneration of total protein may occur after the administra- 
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SUMMARY 

Protein hydrolysates containing varying amounts of amino acids were used 
orally to supplement the regular hospital diet in 6 tuberculous patients who had 
shown an unfavorable clinical or roentgenological course. The dietary therapy 
was continued for six to eleven months. Four of the surviving patients were 
then returned to the routine diet and were observed during a six month control 
period. 

During hyperalimentation, 3 patients gained weight and the beneficial effect 
was attributed primarily to the therapy. The pulmonary lesions of these 
patients were either improved or stationary, as determined by roentgenography. 
One patient died suddenly. Of the two living patients, one lost and the other 
continued to gain weight after the regular diet alone was resumed. The remain- 
ing 3 patients (one died) lost weight during hydrolysate therapy and showed evi- 
dence of progression of their tuberculosis. After resumption of the regular diet, 
one patient lost and the other gained weight. 

Tuberculous patients who show evidence of clinical deterioration, or in whom 
it may be desirable to attempt improvement of the nutritional status preliminary 
to or after thoracic surgery, may be suitable subjects for hyperalimentation with 
particular emphasis on increased protein. The advantages and disadvantages 
of the oral use of protein hydrolysates are discussed. 

SUMARIO 

La Proleohidrolisatolerapia Oral Complementaria en la Tuberculosis 

Emple&ronse por via bucal liidrolisatos de protelna que contenlan distintas 
cantidades de amino-acidos esenciales para complementar la habitual alimen- 
tacidn hospitalaria en 6 tuberculosos que hablan mostrado una evolucidn cllnica 
o roentgenoldgica desfavorable. La dietoterapia continud de seis a once meses. 
Cuatro de los sobrevivientes fueron entonces puestos de nuevo a la dieta corriente 
y observados durante un period o de comprobacidn de seis meses. 

Durante la hiperalimentacion, 3 enfermos aumentaron de peso, atribuyendose 
el beneficio primordialmente al rdgimen empleado. Segun determind la radio- 
grafla, las lesiones pulmonares de estos enfermos o bien mejoraron o se estaciona- 
ron, Un enfermo murid repentinamente. De los dos vivos, uno perdid y el 
otro continud ganando peso despuds de reanudarse la dieta regular sola. Los 
otros 3 enfermos (uno murid) perdieron peso durante la hidrolisatoterapia y 
revelaron signos de agravacidn de su tuberculosis. 

Los tuberculosos que revelan signos de deterioro cllnico, o en los que puede 
convenir tratar de mejorar el estado nutritivo antes o despuds de la cirugla 
toraciea, pueden constituir sujetos apropiados para la hiperalimentacidn, ha- 
ciendo en particular hincapid en un aumento de protelna. 
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NINETY CONSECUTIVE CASES OF PULMONARY TUBERCULOSIS 
TREATED BY A COMBINATION OF STREPTOMYCIN 
AND PNEUMOTHORAX 1 - 2 

GEORGE A. HYMAN and STANLEY H. HOFFMAN 
(Received for publication August 19, 1948) 

INTRODUCTION 

In this article 90 consecutive cases of pulmonary tuberculosis, treated at 
Fitzsimons General Hospital during the years 1946-1948 with a combination of 
pneumothorax and streptomycin, are presented. In a separate communica- 
tion (1) the writers have attempted to evaluate another type of collapse pro- 
cedure, pneumoperitoneum, in connection with streptomycin. 

Because of the inadequate results frequently obtained following the use of 
streptomycin alone (2, 3, 4, 5), the writers became interested in combining 
temporary collapse measures with streptomycin therapy. The purposes of 
these additional measures are twofold: ( 1 ) to maintain closure of cavities and 
promote their healing; (2) to obtain closure of cavities that did not close or 
could not be expected to close on streptomycin alone. 

It is considered to be extremely important that cavity closure be obtained as 
soon after the initiation of streptomycin therapy as possible because of the high 
percentage of cases in which drug-resistant strains of tubercle bacilli emerge (6). 
At the Fitzsimons General Hospital this phenomenon occurred in 36 per cent of 
a series of patients who received 2 Gm. of streptomycin daily and in 29 per cent 
of a group treated with 1 Gm. daily. The combined series totalled 361 patients. 

If each step in the therapeutic plan be carefully thought out, succeeding meas- 
ures will not be jeopardized by overzealous but ill-advised or untimely use of 
streptomycin. It has become obvious from experience at Fitzsimons General 
Hospital that it is most advantageous to use a short course of streptomycin as 
early in the treatment as possible, to be followed by other measures if this is not 
definitive. Otherwise, in the face of drug resistance, if surgery is required it 
must be performed without chemotherapeutic protection against spread of the 
infection (7). 

The same criteria for selection of collapse procedures, as recommended by 
Rafferty (S), were used in the cases of the present stud} r as in nonstreptomycin 
treated cases. 

It is believed that the trend of treatment of cavitary lesions in pulmonary 
tuberculosis is changing toward the use of streptomycin in conjunction with 
some type of collapse measure, as demonstrated by the following evaluation of 
90 cases treated by the combined method. 

] t'rom the Medical Service, Fitzsimons General Hospital, Denver, Colorado. 

- Published with permission of The Surgeon General, U. S. Army, who assumes no respon- 
sibility for the opinions expressed or conclusions drawn by the authors. 
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The roentgenographic results were classified into five categories. These were “excel- 
lent,” “good,” “fair,” “slight,” “no change or worse.” A spectacular roentgenographic 
clearing plus cavitj* closure was graded as "excellent.” A grade of “good” was given 
if marked roentgenographic regression occurred that was superior to that expected on bed 
rest but where cavity closure was not as prompt or as complete as in the “excellent” cases. 
Results which were better than normally anticipated on bed rest were classified as “fair.” 
The remaining two categories, “slight” or “no change” are self-explanatory. 

The grading of improvement in clinical symptoms closely follows that used for the classi- 
fication of roentgenographic regression. Cough, sputum production, weight, toxicity, and 
erythrocyte sedimentation rate were the factors taken into consideration. Roentgeno- 
grams, sputum examinations, and erythrocyte sedimentation rates and weight determina- 
tions were obtained at monthly intervals. Cultures of the gastric washings and special 
roentgenograms were obtained whenever indicated. 

There was only one minimal case of pulmonary tuberculosis in the series. Of the cases, 
54 or 60 per cent were moderately advanced and 35 or 39 per cent were far advanced. The 
average period of observation was approximately ten months, the shortest being four 

TABLE 1 


Combined Treatment with Streptomycin and Pneumothorax 



1 

TOTAL 

SEX 

COLOR 

AGE 

N. T. A. 
CLASSIFICATION 

Male 

Fe- 

male 

White 

Col- 

ored 

1 

Others 

i Teen 
to 19 

20 to 
29 

30 to 
39 


| Min. 

Mod. 

Adv. 

Far 

Adv. 

Number 

90 

100 

84 

93 

6 

7 

76 

85 

11 

12 

3 

3 

20 

22 

49 

54 

16 

18 


■ 

54 

60 

35 

39 

Percentage 


TABLE 2 

Combined Treatment with Streptomycin and Pneumothorax 



STREPTOMYCIN FOLLOWED 
. BY PNEUMOTHORAX 

STREPTOMYCIN AND 
PNEUMOTHORAX 
SIMULTANEOUSLY 

PNEUMOTHORAX FOLLOWED 
BY STREPTOMYCIN 

Total 

50 

55 

15 

17 

25 

28 

Percentage 



months and the longest four years. Every effort was made to be extremely conservative 
in the evaluation of these cases. 

The efficacy of streptomycin in the treatment of moderately advanced and far advanced 
cases of pulmonary tuberculosis has been well demonstrated by many investigators (3, 10, 
13, 14 and 25). 

Rapid spontaneous regression was not likely to occur in these patients as they had re- 
ceived a course of bed rest therapy without regression prior to the institution of combined 
treatment. 

Of the 90 patients treated, 76 were white, 11 were Negroes, and 3 were Chinese or Japan- 
ese. Eighty-four were males and 6 were females. The largest age group was between 
20 and 29 which included 49 of the cases, and 20 were in their teens. Sixteen were between 
the ages of 30 and 39. Only 5 of the patients were over 40. 

The series is divided into 3 groups. The first and largest group consisting of 50 cases, or 
55 per cent, are those cases treated with streptomycin for at least one month prior to the 
induction of the pneumothorax. The second group consists of 15 cases, or 17 per cent, which 
had pneumothorax and streptomycin started simultaneously. In all cases in this group 
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cent had “good” or “excellent” clinical improvement. Only 3 patients showed 
no roentgenographic improvement or became worse and only one case failed to 
show any clinical improvement. 


TABLE 3A 


Streptomycin Instituted Prior to Pneumothorax 
Reversal of Infecliousncss and Cavity Closure 
Before Combined Treatment 


“Sputum conversion” on strep- 
tomycin alone . 

26 (52%) 

24 (48%) 

Cavity closure on streptomy- 
cin alone 

5 (10%) 

45 (90%) 

No “sputum conversion”- on 
streptomycin alone 

No cavity closure on strepto- 
mycin alone 

Total 

50 (100%) 

Total 

50 (100%) 




After Combined Treatment 


“Sputum conversion” after: 


Cavity closure after pneumo- 


pneumothorax added | 

34 (68%) 

thorax added 

24 (48%) 

No “sputum conversion” after 

No cavity closure after pneu- 

pneumothorax added 

16 (32%) 

mothorax added 

26 (52%) 

Total 

50 (100%) 

Total 

50 (100%) 




TABLE 3B 


Streptomycin Instituted Prior to Pneumothorax 
Duration of Follow-up after Combined Treatment in Patients Without “Sputum 
Conversion” or Cavity Closure 


FOLLOW-UF— NOTtBEK OF MONTHS 


TOTAL 




1 to 2 

2 to 3 

3 to 4 

4 to 6 

6 to 9 

No “Sputum Conversion” .... 

16 

0 

6 

5 

2 

3 

No Cavity Closure 

26 

6 

8 

6 

4 

2 


TABLE 3C 


Streptomycin Instituted Prior to Pneumothorax 
Cavity Closure 



TOTAL 

MODERATELY 

ADVANCED 

FAR 

ADVANCED 

MORE THAN 

SO PER CENT 

LESS THAN 

50 PER CENT 


Num- 

ber 

Per 

cent 


Per 

cent 

Decrease in 
Cavity Size 

Decrease in 
Cavity Size 

Cavity Closure 

No Cavity Closure after Combined 

24 

18 

75 

6 

25 

Complete 

Complete 

Treatment 

26 

13 

50 

13 

50 

13 (50) 

13 (50) 


A comparison is shown in Table 4JB between the adequacy of pneumothorax 
and the final results. It can be seen that there is a direct correlation between 
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those cases in which streptomycin was added shortly after pneumothorax was 
induced. In all of these cases pneumothorax was continued after streptomycin 
was given. 

Of the 25 cases, “sputum conversion” occurred in 5 on pneumothorax alone. 
In an additional 13 cases the sputum became negative for tubercle bacilli (cul- 
ture) after streptomycin was added. In only 6 cases did the sputum remain 
positive for tubercle bacilli. A direct parallel can be drawn in regard to cavity 
closure. On pneumothorax alone, only 5 cases showed cavity closure on the 
roentgenogram, whereas an additional 12 had closure after strep tom ycin was 


TABLE 5A 

Streptomycin and Pneumothorax Started Simultaneously (15 cases ) 
“Sputum Conversion ” and Cavity Closure 



NUMBER 

PER CENT 

“Sputum Conversion” 



Yes 

11 

73 

No 

4 

27 




Total 

15 

100 

Cavity Closure 



Yes 

10 

67 

No 

5 

33 



Total 

15 

100 


TABLE 5B 


Streptomycin and Pneumothorax Started Simultaneously 
Total Evaluation at End of Observation Period 



TOTAL 

“excel- 

lent” 

"good” 

e 

"rAix” 

“slight” 

“none” ok 
“wosse” 

Roentgenographic Improve- 
ment 

II 

6 

6 

2 

1 

0 

Clinical Improvement 

H 

5 

5 

4 

1 

0 


added. In 8 cases, visible cavitation persisted, but 4 of these have been followed 
for less than four months since combined therapy was instituted (table 6A). 

Roentgenographic improvement was “excellent” in 5 cases, “good” in 11 
cases, and 8 showed “fair” improvement. Only one case showed “slight” im- 
provement and none became “worse”. 

A final, complete evaluation revealed that “excellent” clinical improvement 
occurred in 6 patients and 8 were classified as “good.” Eight patients showed 
a “fair” improvement and 3 failed to improve (table 6B). 

Nine patients in this group had what was considered an “excellent” pneu- 
mothorax and in 7 the collapse was considered as “good”. Of these 16 patients, 
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9 had “excellent” and 5 had “good” final results which also shows a clear corre- 
lation between results and the type of pneumothorax. In summary, 20 of the 
25 patients, or SO per cent, showed “good” or “excellent” final results when 
streptomycin was added to pneumothorax (table 6C). 

TABLE 7 


Bronchoscopy (45 of 90 cases) 



STREPTOMYCIN 
PRIOR TO 
PNEUMOTHORAX 

STREPTOMYCIN 
AND PNEUMO- 
THORAX SIMUL- 
TANEOUSLY 

PNEUMOTHORAX 
PRIOR TO 
STREPTOMYCIN 

TOTAL 

Total Bronchoscoped 

27 

2 

16 

45 (100%) 

23 (51%) 

22 (49%) 

IS (S2%) 

2 (9%) 

2 (9%) 

Endobronchial Disease 

No 

14 

1 

8 

Yes 

13 

1 

8 

Cured 

10 


8 

Improved 

2 



Unchanged 

i 

1 






Fig. la. (Left) Case 1(a) before combined treatment; duration of disease for three 
months. Three large cavities are present in left upper lung. 

Fig. lb. (Rigid) Case 1(b) seven months after institution of simultaneous treatment 
with streptomycin (2 Cm. per day for 120 days) and left pneumothorax. The cavitation is 
no longer visible and there is marked clearing of the infiltration in the left lung. Last 
sputum positive for tubercle bacilli was in May, 1947. 


BRONCHOSCOPY 

Since 45 patients were bronchoscoped in this series, it is considered worth 
while to devote a paragraph to the findings. In 22 of the 45, or approximately 
50 per cent of the cases, the typical findings of endobronchial tuberculosis were 
found. Three categories of endobronchial tuberculosis were designated; ( 1 ) 
submucosal, with a yellow productive nodularity on a reddened mucosa; (5) 
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Fig. 2a. (Left) Case 2(a) before combined treatment; duration of disease for four 
months. Massive involvement of lower two-thirds of left lung with 3 cm. cavity in midlung 
field and a 3 cm. cavity in left hilar region. 

Fig. 2b. (Right) Case 2(b) seven months after institution of combined therapy; left 
pneumothorax induced January 13, 1017. Streptomycin started February 17, 1017 (2 Gin. 
per day for 120 days). Last sputum positive for tubercle bacilli was in May, 10 17. 



Fig. 3a. (Led) Case 3(a) before combined treatment; duration of disease for three 
months. Bilateral exudative-productive disease present involving all lobes of the left 
lung and right upper lung; 3 cm. cavity in left upper lung. 

Fig. 3b. (Right) Case 3(b) seven months after institution of simultaneous treatment 
with streptomycin (2 Cm. per day for 150 days) and left pneumothorax. The cavity is no 
longer visible in the left upp-r lung and there is almost complete clearing of both lung fields. 
Last sputum positive for tubercle bacilli was in April, 1017. 
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ulcerative, showing a velvety, granular base with ulceration ; and ( 3 ) fibrostenotic. 
The diagnosis was usually made on the basis of one examination. After treat- 
ment with strep tomycin, 18 of the 22 patients, or 82 per cent, showed no evidence 
of endobronchial disease on bronchoscopy and 2 showed healing lesions. In two 
instances the lesions were unchanged as determined by bronchoscopy. The 
majority of the cases of endobronchial disease were present in the group which 
received streptomycin prior to pneumothorax. Thus the antibiotic treatment 
made it possible for an effective pneumothorax to be induced. In several other 
patients in whom tension cavities developed while receiving pneumothorax, 
streptomycin was instrumental in controlling the endobronchial tuberculosis and 
thereby promoting healing of the parenchymal lesion. 

DISCUSSION 

The writers are aware of the difficulty of evaluating the role plaj^ed b 3 r either 
streptomycin or pneumothorax alone in the treatment of pulmonary tubercu- 
osis and realize that it is even more difficult to attempt to evaluate the role 
played by each when they are used together. In addition cavity closure does 
not necessarily mean healing (7). It is believed, however, that by analyzing 
the results in this series certain deductions can be made. 

It might be assumed when streptomycin was used first and followed by pneu- 
mothorax, that the therapeutic burden was carried by the antibiotic. The re- 
sults seem to definitely indicate, however, that this is not the case. In the 
group in which streptomycin was used first, only 5 cavities closed on streptomy- 
cin alone. In an additional 19 cases, cavity closed roentgenologically after pneu- 
mothorax was added to the treatment, which represents a fourfold increase in 
closure. Other investigators who have used streptomycin alone in the treatment 
of cavitary disease report that it is not adequate treatment for obtaining perma- 
nent closure. D’Esopo (2) states “X-ray films of 11 of 14 patients revealed a 
reduction in size of cavities during the first 2 months of streptomycin therapj', 
but in only 1 instance did unequivocal cavity closure occur.” In addition, the 
same writer and others have found that streptomycin-resistant tubercle bacilli 
appear in a high percentage of patients with persistent cavitary disease. It 
has also been the experience at Fitzsimons General Hospital, as well as that 
of other investigators, that a significant number of cavitj r closures occurring 
on streptomycin alone reopen after the streptomycin is discontinued (2). There- 
fore the writers are in agreement with D’Esopo (2) who believes “That there 
might be an optimum time during the course of streptomycin therapy when the 
institution of collapse procedures might have preserved what improvement had 
occurred.” 

Although pneumothorax itself is an accepted method of treatment for cavitary 
disease in pulmonary tuberculosis, as is borne out by numerous investigators 
(16, 17), this series demonstrates that in many cases pneumothorax produced 
optimum results only after streptomycin had been added. This was shown by the 
group of 25 pneumothorax cases in which streptomycin was given as an adjunct. 
Only 5 of these cases experienced cavity closure on pneumothorax alone, whereas 
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an additional 12 experienced cavity closure when streptomycin was added. A 
strikingly comparable result was seen in the reversal of infectiousness. 

Nine of the IS cases which eventual^ showed "sputum conversion,” had been 
maintained on pneumothorax from four to twelve months prior to the addition 
of streptomycin therapy. Eight of these 9 “converted” their sputum within the 
first two months after streptomycin was added to the pneumothorax. This 
indicates the role of the combined treatment in hastening the healing of an other- 
wise sluggishly responding process. 

Excellent results were also obtained in a smaller group in which the combina- 
tion of streptomycin and pneumothorax was introduced simultaneous^. Eleven 
of the 15 cases “converted” their sputum and 10 obtained cavity closure. This 
further bears out the efficacy of combined treatment. 

Long term observations will be necessary to determine the optimum time either 
for introducing pneumothorax as an adjunct to streptomycin or streptomycin 
as an adjunct to pneumothorax in cavitary disease. Even at this early stage, 
however, certain factors can be recognized. 

Pneumothorax has been shown to decrease the circulation of the collapsed lung 
by Dock (IS). It is theoretically possible, therefore, that streptomycin should 
be given for several weeks prior to the induction of the pneumothorax in order 
to obtain maximum streptomycin concentration in the diseased tissue. 

It appears probable that, if a pneumothorax is introduced while the patient 
is receiving streptomycin, a certain amount of protection against post-induction 
empj'ema and spread of disease is afforded. In the 65 cases presented in this 
series in which “protection” was given by streptomycin at the time of induction, 
no case of extension of disease or empyema occurred. In pre-streptomycin days, 
empyema usually occurred in 5 to 10 per cent of the cases in which pneumothorax 
was maintained and extension of the pulmonary disease occurred in an appre- 
ciable number. Gibbons (19) reports that 10.2 per cent of 663 cases developed 
empyema during pneumothorax treatment. The usual incidence of purulent 
effusion occurring during pneumothorax is discussed by Weisman (20). In 72 
of 150 patients, pleural effusion was noted following the induction. Thirty-three 
effusions were aspirated of which 10 were originally purulent, and an additional 
7 later became purulent. The peak incidence of effusions was reached early in 
the third month. 

Streptomycin has been demonstrated to be most effective if introduced early 
in the course of the disease. The exudative stage of the lesion is most prom- 
inent at this time and this is known to respond best to streptomycin (21). This 
must be taken into consideration before inducing a pneumothorax alone, in that 
the exudative element null gradually comprise a smaller percentage of the path- 
ological process as time elapses. If it is then found that a pneumothorax is 
incapable of healing the disease alone, introduction of streptomycin may not be as 
efficacious as it would have been much earlier in the disease process. 

It seems to the authors that the above mentioned facts and data indicate that 
in the majority of cases the optimum treatment of pulmonary tuberculosis with 
cavitation will result from a course of streptomycin started several weeks before 
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SUMARIO 

Novcnta Casos Consccuiivos de Tuberculosis Pulmonar Tralados con una 
Comhinacion dc Eslrcptomicina y Neumotdrax 

El estudio presentado versa sobre 90 casos consecutivos de tuberculosis 
pulmonar tratados en el Hospital General Fitzsimons de 1946 a 1948 con estrep- 
tomicina intramuscular y neumotdrax. La serie comprendid un caso de tuber- 
culosis pulmonar minima, 54 lesiones moderadamente avanzadas y 35 casos muy 
avanzados. El resultado indica que un mdtodo terapdutico que combina el 
neumotdrax y la estreptomicina ofrece un medio muy eficaz de tratamiento para 
la tuberculosis pulmonar. 
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of the control group was sacrificed at the time treatment was started to determine the extent 
of disease at this time, while the other control animals were killed at the end of the two 
treatment periods. Of the treated animals the majority (46) were sacrificed after 24 days 
of treatment or died within near range of that period, while 18 animals were treated for 45 
days or died shortly before the termination of the experiment. The exact arrangement of 
the experiment with divisions made according to the length of treatment is shown in table 1. 

The stroptomycin was dissolved in sterile distilled water and was given in one daily dose 
of 8 mg. contained in 1 cc. of solution. The PAS was carefully weighed, dissolved in dis- 
tilled water, brought to a pH of 7.0 with NaOH and sterilized by passage through a Seitz 
filter. It was prepared in a 2,5 per cent solution and a total daily dose of 250 mg. was given 
by subcutaneous administration of 5 cc. of the solution twice daily. The large dose of PAS 

TABLE 1 

Arrangement of Experiment 

70 guinea pigs inoculated subcutaneously with 0.1 mg. of tubercle bacilli ( H-S7RV ) 
Treatment begun 21 days after inoculation 


EXPERIMENT 

NUMBER 

OF GUINEA 
TIGS 

DRUG 

ROUTE j 

TOTAL 

DAILY 

DOSE 

DISTRIBUTION 

NUMBER 

OF DAYS OF 
TREATMENT 

In 

10 

streptomycin 

subcutaneous 

8 mg. 

1 dose 

24 

lb 

16 

PAS 

subcutaneous 

250 mg. 

2 equal doses 

24 

Ic 

10 

streptomycin 
and PAS 

subcutaneous 

8 mg. 
250 mg. 

1 dose 

2 doses 

24 

Iln 

7 

streptomycin 

subcutaneous 

S mg. 

1 dose 

45 

lib ! 

Animals intended for PAS treatment in this group died prematurely and were 
included in lb. 

He 

7 ! 

streptomycin 
and PAS 

subcutaneous 

8 mg. 
250 mg. 

1 dose 

2 equal doses 

45 


Controls 


Ilia 

10 

Killed at beginning of treatment 

Illb 

0 

Killed with Group I 

IIIc 

4 

Killed with Group II 


used was decided upon after consideration of the 14 to 15 Gm. daily dose used in clinical 
trials (1, 2, 7, 8). 

Careful postmortem examinations were performed on all animals. Sections of spleen, 
liver, and lung were taken and both hematoxylin and eosin and acid-fast stains were made. 
An evaluation of the amount of tuberculosis present in each animal was made from com- 
bined study of the macroscopic and histological findings. 

RESULTS 

The results of treatment as compared with the findings in the control groups 
are presented in figures 1, 2, and 3. It may be seen from figure 1 that systemic 
tuberculosis was present in all control animals at the time treatment was started. 
It is believed that a more reliable evaluation of the effect of chemotherapeutic 
agents in tuberculosis is obtained if treatment of the animals is withheld until 
the disease has been fully established. 

In figure 2, which shows the results of the short-term therapy, it is obvious that 
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•.V = Grade I H§ = Grade III 

~ r Grade II m Grade 17 

Figs. 1, 2, and 3. — An arbitrary scale of four grades of tuberculous involvement evaluated 
from the macroscopic extent of disease with microscopic confirmation. 

The numbers under some of the animals indicate that these died spontaneously; the 
numbers under control animals indicate number of days after infection when death oc- 
curred; the top numbers under treated animals indicate the number of days of treatment; 
the bottom numbers, the number of days after infection on which death occurred. 



Fig. 2. Experiment I 24 day treatment 
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the tuberculosis in the untreated animals had continued to progress while those 
receiving streptomycin alone had on an average no more extensive disease than 
at the time treatment was started. The results in the group receiving PAS alone 
appear to be better than in the streptomycin group, but it must be remembered 
that the dose of PAS was very large (30 times that of streptomycin), so this does 
not indicate any superiority of PAS over streptomycin. The most striking 
results in the short-term treatment groups were found in the one receiving a 
combination of the two drugs. Only 2 animals in this group had as much as 2 





Fig. 3. Experiment II 45 day treatment 

plus involvement of any organ, while the others had only minimal disease or 
none at all. 

Figure 3 shows the results of the longer term of therapy. Again, the control 
animals which lived until the termination of the experiment showed further 
progression of the disease. Those receiving streptomycin for this length of time 
were beginning to show actual regression in the extent of disease, while those 
receiving both streptomycin and PAS showed a strikingly small amount of 
involvement which was no more than minimal in any of the animals. 

The results of the complete experiment are expressed numerically in table 2, 
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which gives the average tuberculosis index for each of the groups. As in the 
culture experiments, the findings in animals indicate the striking inhibitory 
effect of the combination of the two drugs compared with that of each of the 
agents alone. 

The microscopic as well as the macroscopic involvement of the lungs was 
comparatively slight even in the controls. The difference in the histologic 
changes between the treated groups of animals and the control groups was 
especially marked in the spleen and the liver. 

In all the treated groups the changes were essentially the same except for the 
fact that they were most pronounced and frequent in the group receiving the 
combination of streptomycin and PAS. They consisted of two t} r pes of response. 
The first type was no different from the typical regressive changes seen in any 
case of healing tuberculosis, i.e., progressive fibrosis ending in complete dis- 
appearance of tuberculoid structure (figure 4a) and occasional calcification, 
especially in the spleen (figure 4b). The second type of response occurred chiefly 


TABLE 2 
Tuberculosis Index 

Combined Macroscopic and Microscopic Findings 


TREATMENT 

KILLED AT 
BEGINNING OF 
TREATMENT 

TREATED 24 DAYS 
OR DIED 

TREATED 45 DATS 

Controls 

4.4 (10) 

7.5 (6) 

4.3 (10) 
2.62 (16) 

1.2 (10) 

I 

Streptomycin 

PAS*. 


Streptomycin and PAS 




The tuberculosis index is calculated from combined macroscopic and microscopic find- 
ings in the lung, liver, and spleen, grading each organ from 1 to 4. The maximum index 
possible is 12. The figures given are the average indices for each group. The figures in 
parentheses are the number of animals in the groups. 

in the lungs and was similar to the changes reported by Krause (10) in anthracosis 
of guinea pigs. In some sections very large numbers of rounded lymphocytic 
infiltrates without a trace of specific reactions could be seen (figure 4c ) ; it was 
impossible to decide whether all of them were residuals of pre-existing tubercles. 
In other sections the centers of similar structures appeared slightly lighter than 
the periphery so as almost to suggest germinative centers. When examined 
under high power, however, a number were recognized as tubercles in various 
phases of regression. At first the epithelioid cells showed a peculiar shrinkage, 
causing an early collapse of the typical architecture of the tubercle (figure 4d). 
At the same time a dense lymphocytic infiltrate formed at the periphery of the 
lesion. The center then gradually shrank to complete disappearance, leaving 
only a round accumulation of lymphocytes (figure 4e), with or without a few 
scattered giant cells. Eventually the lymphocytes too disappeared, and the only 
residual was a small streaky scar which was infiltrated with a few round cells. 
Occasionally in the liver a few giant cells singty or in small groups remained 
scattered without any surrounding granulation tissue (figure 4f). 
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I'm. •!. :i. Spleen, a completely fibrosed malpiphian follicle, b. Calcification in the 
spleen. c. Lymphocytic accumulations in the bums. d. Tubercle with small, shrunken 
epithelioid cells and peripheral lymphocytic infill ration, o. Furt her atrophy of epithelioid 
cells with complete disappearance of tuberculoid structure, f. Isolated Riant cells in the 
liver, r. Myeloid metaplasia in spleen. Sinuses full of myeloid cells. 


Another interesting fimiinjx was intense myeloid metaplasia in the spleen 
O' tin re lg) and sometimes in the liver. Occasionally the blood in all vessels 
contained such large numbers of myeloid cells as tire usually seen only in eases 
o! true leukemia. Although this observation was made in 2 of the streptomycin- 


560 


BLOCH, VENNESLAND, EBERT AND GOMORI 


treated pigs and even in one of the untreated controls, it was much more pro- 
nounced in the animals which had received PAS either alone or in combination 
with streptomycin. It was seen in a total of 12 such animals, 7 of which had 
received PAS alone and 5 the combined treatment. 

The toxic effects of this large dose of PAS were considerable. Subcutaneous 
administration caused much local induration of the tissues and at autopsy 
hemorrhagic and necrotic areas were found at the sites of injection. No specific 
systemic lesions could be made out, but the majority of animals receiving PAS 
alone died before termination of the experiment. Premature death in almost all 
cases seemed to be due to pneumonia. It should be pointed out here that while 
Lehmann (2) found PAS to be highly toxic to the guinea pig, other workers (9) 
failed to find an excessive toxic effect from oral administration of the drug to 
this animal. 

Smears and cultures were made from the spleens of some of the animals at the 
time of autopsy. Growth of tubercle bacilli in Dubos medium was obtained 
from 5 of these. Two had received streptomycin alone for 24 days, one had 
received streptomycin alone for 45 days, and 2 had received both streptomycin 
and PAS for 45 days. Preliminary studies on the streptomycin-sensitivity of 
these organisms showed that those isolated from the animals receiving the short- 
term streptomycin therapy were still sensitive to 0.74 y streptomycin per cc. 
Those isolated from the animal receiving the long-term streptomycin therapy 
were resistant to 5.92 y/cc., which was the highest concentration used in the 
preliminary run; while those from the 2 animals receiving the long-term com- 
bined therapy were still sensitive to 0.74 y. Admittedly, this is too small a 
number of cases from which to draw any definite conclusions, but it does suggest 
that use of the combination of PAS and streptomycin may prevent the rapid 
appearance of resistant strains of tubercle bacilli. 

DISCUSSION 

On the basis of these in vitro and in vivo experiments with PAS and strep- 
tomycin in combination, two important clinical possibilities became apparent. 
First, it would seem feasible that, using a combination of the two drugs, smaller 
doses of streptomycin could be used effectively in the treatment of tuberculosis, 
thus reducing the hazard of toxic effects from this drug. Second, a delay in the 
emergence of streptomycin-resistance might be anticipated on theoretical grounds 
since PAS should be capable of suppressing growth of streptomycin-resistant 
strains. Insufficient evidence has been accumulated to support this view but it 
remains a promising possibility. 


SUMMARY 

1. Streptomycin alone, even in small doses given once a day and for a short 
period of time, will prevent the progression of tuberculosis in the guinea pig. 

2. Para-aminosalicylic acid alone in large doses has a favorable effect on ex- 
perimental tuberculosis. 

3. The combination of streptomycin and PAS has a much more favorable 
effect on experimental tuberculosis in the guinea pig than either drug used alone. 
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THE EFFECT OF TUBERCLE BACILLI ON THE MIGRATION OF 
PHAGOCYTES IN VITRO 1 

MARTIN ALLGOWER and HUBERT BLOCH 2 
(Received for publication February IS, 1049) 

INTRODUCTION 

In previous experiments (1), the fate of living virulent and avirulent tubercle 
bacilli injected into the peritoneal cavity of white mice has been studied. Obser- 
vations made during the first hours of infection led to the conclusion that the 
virulent bacilli phagocytized by the polymorphonuclear leukocytes of the exudate 
cause injury to the leukocytes. This results eventually in lysis of the white cells 
with release of the phagocytized bacilli into the peritoneal fluid. The avirulent 
variants of tubercle bacilli, on the contrary, did not seem to cause any injury to 
the leukocytes which engulfed them. After being phagocytized, they are elimi- 
nated from the exudate. 

These conclusions were drawn from observations made by examining peritoneal 
exudates. It is the purpose of the experiments reported in this paper to study 
the effect of phagocytized virulent and avirulent tubercle bacilli on leukocytes in 
a more direct way in vilro. The ability of the leukocytes to migrate was chosen 
as a test to demonstrate a possible injurious effect of engulfed tubercle bacilli on 
the leukocytes. Evidence is presented that the migration of polymorphonuclear 
leukocytes is completely inhibited b 5 r phagocytized virulent bacilli and unaffected 
by avirulent variants of the same strain when tested in comparable amounts. 

METHODS 

All the experiments referred to in this paper were performed with two variants of one 
strain of human tubercle bacilli, the virulent variant II37Rv, and the avirulent variant 
II37Ra 3 (2). Human leukocytes were used and prepared as follows: Blood from patients 
with high leukocytic counts (15,000 per cu. mm. or more) was defibrinated by gentle shaking 
in an Erlonmeyer flask. Two and six-tenth milliliters of the defibrinated blood were placed 
into small test tubes and 0.4 ml. of washed bacillary suspensions were added (0.4 ml. of 
Tyrode solution for the control tubes). The stoppered tubes were slowly rotated for 
twenty minutes at 37° C. and smears made to ascertain that phagocytosis had occurred. 
After short centrifugation at 1,500 r.p.m. most of the supernatant fluid was discarded, 0.2 
ml. of fresh chicken plasma was added and thoroughly mixed with the blood. The tubes 
were then centrifuged for four minutes at 4° C. and allowed to stand for twenty minutes at 
room temperature. At this time the buffv coat had formed a solid membrane with the 
clotted chicken plasma and could be removed from the tube. After repeated washings in 
Ringers solution it was cut into small squares of 1 to 2 mm. side length. These squares were 
again washed in Ringers solution. 

'From the Department of Surgery, Burgerspital, and the Institute of Bacteriology, 
University of Basel, Switzerland. 

2 Present address: The Public Health Research Institute of the City of New York, Inc. 

3 These strains, received through the courtesy of Dr. R. J. Dubos, were originally ob- 
tained from the National Tuberculosis Association Standard Culture Depot at Trudeau, 
N. Y., and subcultured on Tween-albumin media. 
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Plasma, preferably from the fame patient, was prevented from clotting by keeping it at 
] 0 . v mt nre ami was diluted 2:1 with cold Tvrode solution ntid distributed in small 
Carre! flasks in amounts of 2.0 ml. . One square piece of huffy coal was imbedded in the 
center of each flask and the plasma permitted to riot at room temperature. The flasks 
were incubated at 37° C. and the results observed twelve to fourteen hours later. 

A few experiments were carried out with leukocytes from one day old peritoneal exudates 
of guinea pigs or rabbits and their corresponding plasma. The results were essentially 
identical with those obtained with human blood. 

Leukocytes prepared in the way described above and containing no bacteria 
keep their characteristic tendency to migrate. At the very beginning of the in- 
cubation period, the first cells can already be observed migrating radially from 
the square piece of huffy coat. At the end of the incubation period a halo of 2 to 
■1 mm. in radius surrounds the original piece. The whole culture now forms a re- 
markably regular round disk of "> to 8 mm. diameter. The halo consists 
chiefly of polymorphonuclear leukocytes. The size of the disk varies slightly 
from one blood donor (or animal) to the other, hut remains fairly constant, within 
one experiment, (figure 1). Since there is a close macroscopic resemblance of this 
preparation to an ordinary tissue culture, it may be pointed out that the halo is 
not composed of newly grown cells but only of leukocytes emigrating from the 
original piece of huffy coat (figure 2). 


J1KSULTS 


The rffict of virulent tubercle bacilli on the migration of lathery tea: When leuko- 
cytes were allowed to phagoovtize virulent tubercle bacilli before being im- 
planted, their migration was inhibited. The degree of the inhibitory effect de- 
pended upon the ratio bacteria/phagocytes (table 1). In preparations where, 
owing to the small number of bacilli, only part of the leukocytes had a chance to 
pJingorytizo bacilli, a slight migration still occurred. It could be scon, however, 
that all the leukocytes which contained bacilli did not leave the center of the 
preparation, and that all the leukocytes found in the surrounding halo were free 
from bacilli. With a higher number of bacteria, inhibition was complete (figure 
3). 


7 hr effect tf avirulent tubirrlc bacilli on the migration of leukocyte?:: In eoturast to 
tho efiect of virulent bacilli, the avintlem variant did not inhibit migration. 
( ell-' with enguhed avirulent bacilli migrated as well a< the controls (figure ■}}. 
8iight inhibition occurred only if a very high number of avirulent bacilli were 
add'd to the eel! suspension M , that almost all of the phagocytes contained manv 
microorganisms (table 1). The rate of phagocytosis was the same with avirulent 
•e:d virulent bacilli. 

Iff <y<c! i«' r!< ml tubercle bacilli on phagocytes: Phagoeytired heat -killed tuber- 
cle bacilli of both the virulent and the avirulent variants showed c.wntiallv the 
w.u;. < tjVrt on the migration of leukocytes as the living bacteria. 

< c. t ,j« (,</;, r p};ngoc:iii;ea tnaUriol o;, the migration ef b • ; (Aijit rol 

:i! ' Urn * made to study tiie effect of charcoal. India ink ami two -trains 
* : ''q-Vycwi,.;, ?iw migration of leukmy to-. Phr.m«'ytir<-d charcoal and India 
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Fig. 1: (Upper left) The migration of human polymorphonuclear leukocytes after 14 
hours incubation. No bacilli added. The figure shows the square piece of buffv coat im- 
bedded in plasma, and the halo of leukocytes migrating from the original explantate. 
Magnification 10 X. 

Fig. 2: (Upper right) Section of a similar preparation as in figure I showing the edge 
of a young cxplantate with migrating leukocytes at a higher magnification (300 X). 

Fig. 3: (Lower left) The migration of human polymorphonuclear leukocytes after 14 
hours incubation. Before being imbedded the leukocytes were allowed to phagocytic 
virulent tubercle bacilli; no migration occurred. (Magnification 300 X). 

Fig. 4: (Lower right) The migration of human polymorphonuclear leukocytes after 
14 hours incubation. Before being imbedded the leukocytes were allowed to phagocytic 
avirulent tubercle bacilli; the migration of the cells is not inhibited by the engulfed bacilli. 
(Magnification 300 X). 
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ink particles had no effect on the rate of migration, even when the phagocytes 
were heavily loaded. On the other hand, one freshly isolated strain of St. aureus 
was highly inhibitory to leukocytic migration, whereas an old laboratory strain 
did not affect the locomotion of the cells. 

DISCUSSION 

The results of these in vitro experiments show that virulent tubercle bacilli are 
injurious to polymorphonuclear leukocytes as evidenced by inhibition of the mi- 
gration of the phagocytes. Since avirulent tubercle bacilli do not have a similar 
effect when tested in comparable number, it is likely that the inhibition of migra- 
tion is in some way connected with the virulence of the bacilli. On the other 
hand, when a large number of avirulent tubercle bacilli is phagocytized, a slight 


TABLE 1 

Effect of Virulent and Avirulent Tubercle Bacilli on the Migration of Polymorphonuclear 

Leukocytes 


strain' or .1/. tuberculosis i 

| 

CONCENTRATION OP RAC' ! 
TERIAL SUSPENSIONS 

1 

INHIBITORY EFFECT 

ON MIGRATION 

H37Itv (virulent) 

undiluted 

4 — M — b 

4 — b4 — b 
4-4-4- 
4- 

4-4- 

0 

H37Rv (virulent) 

1:30 

PI37Rv (virulent) 

1:90 

H37Itv (virulent) 

1:270 

H37Ra (avirulent) 

undiluted 

H37Ra (avirulent) 

1:30 


inhibition of migration results. This observation points to the possibility that 
the difference between the virulent and avirulent cultures of this strain might be 
quantitative rather than qualitative (2, 3) 4 . 

The experiments with charcoal and India ink show that indifferent particulate 
matter engulfed in large number by leukocytes do not inhibit their migration al- 
though a heavy charge of engulfed material might reduce or completely stop any 
further phagocytic activity (4). 

In the present experiments, lieat-killed virulent and avirulent tubercle bacilli 
had the same effect on migration as living ones. This action therefore seems to 
be caused by a cellular constituent of the virulent bacilli and does not directly de- 
pend on their multiplication. 

The mechanism of the inhibitory action has not been elucidated by these ex- 
periments. It is possible that interference with locomotion can occur in the ab- 
sence of other evidence of injury. The observation that large amounts of aviru- 

4 Although the H37Ra culture used did not produce a progressive disease in either 
guinea pigs or mice, it appeared to be a mixture of at least two variants, one of which 
formed clumps and the other formed weak but distinct serpentine cords in oleic acid- 
albumin medium. This suggests that the two variants may not be of identical virulence 
(Middlebrook, G., Dubos, It. J., and Pierce, C., J. Exper. Med., 1947, 86, 175). 
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VIRULENCE AND TUBERCULOGENIC STUDIES OF SIXTY 
CONSECUTIVE WEEKLY LOTS OF BCG VACCINE 
PRODUCED BY STANDARD TECHNIQUE 1 ' 2 

KONRAD BIRKHAUG 
(Received for publication July 26, 1948) 

INTRODUCTION 

World-wide acceptance and use of BCG emphasize the significance of methods 
that insure uniformly safe and potent vaccine preparations. Thus a problem of 
pressing importance is the development of a standard method for preparing a 
vaccine that will maintain a high level of viable organisms with stable tuberculo- 
genic, allergenic, and immunizing properties. Of no less importance is the de- 
velopment of a quantitative method that permits periodic assessments of BCG’s 
relative avirulence. Such a method is long overdue since only living vaccine is 
effective and the chance of a spontaneous enhancement of virulence is still thought 
of as a possibility by competent and unbiased scientists. 

No uniform method for production of BCG vaccine is generally emploj r ed to- 
day. It is well known that man}' bacteriologic laboratories make radical altera- 
tions in Calmette’s original technique (1 to 5). According to Jensen (4) the sole 
quantitative method which will detect variations in the “virulence” of BCG with 
some accuracy is a periodic intracutaneous guinea pig test using graded doses of 
from 0.1 to 0.0001 mg. of BCG vaccine. Bj r these means Jensen was able to de- 
tect differences in “virulence” between a stock BCG strain which, contrary to 
Calmette’s technique, had been maintained on Sautonmedium from 1927 to 1931, 
and a new strain received from the Pasteur Institute in Paris in 1931. While the 
former strain produced frequent nodules with 0.001 mg. and large ones with 0.01 
mg., the latter rarely produced nodules with 0.001 mg., and only small ones with 
0.01 mg. If the term virulent is reserved to indicate organisms which give rise to 
a rapidly fatal infection or are able to reproduce increasingly in the tissues, it may 
be questioned whether Jensen’s procedure is a proper test with which to deter- 
mine the virulence of BCG. The reason for this is the fact that the skin lesions 
produced by these graded doses of microorganisms (dead tubercle bacilli will do 
the same) are observed for a period of only three weeks after inoculation. Jen- 
sen’s procedure is an excellent quantitative test of BCG’s tuberculogenic potencjq 
the production of a localized and rapidty healing skin lesion, but is hardly a test 
of virulence. 

When the preparation of vaccine was undertaken by the New York State Divi- 
sion of Laboratories and Research in 1946, plans were immediately made to evalu- 
ate methods for the. preparation and biologic standardization of BCG. The 
present report describes the methods used and the results of assays made of each 
lot of vaccine prepared during a twelve month period. 

‘From the Division of Laboratories and Research, New York State Department of 
Health, Albany, New York. 

* Presented before Le Premier Congres International du BCG, Paris, France, June 1S-23, 
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METHOD OF BCG VACCINE PRODUCTION 

Potato cultures: The composition of Calmette’s glycerolated bile-potato and water- 
potato media have not been altered. Two strains of BCG (Xo. S05. Series 1 and 2) were 
obtained from the Pasteur Institute in September, 1946. These strains were found to 
possess identical tuberculogenic, allergenic, and immunizing properties. They have since 
been transferred every two weeks in a locked laboratory and maintained in a locked incuba- 
tor in which no other strain of il/. tuberculosis or other bacteria are kept. Each set consists 
of one glvcerolated-water and one glycerolated-bile potato subculture. The former is 
the seed from which the film on its liquid portion is transferred to Sauton medium for vac- 
cine production. The glycerolatcd-bile potato subculture is for attenuation of virulence, 
according to Calmette’s (6) contention, but more practically for restoration of the veil-like 
film production on glvcerolated-water potato cultures which by six to eight successive bi- 
weekly passages has a tendency to grow roughly and less luxuriantly than following the 
first passages. For this purpose, Calmette’s original technique has been followed, which 
consists of interposing one or two biweekly passages of BCG on the glycerolated-bile potato 
medium every two months. Since film development on the liquid portion of the glvcer- 
olated-water potato medium is essential for the seeding of Sauton medium for subsequent 
vaccine production, it is the practice at present to tilt the one week old gl.ycerolated-water 
potato culture on the side until the liquid frees the small fragments of the veil-like film 
along the edges of the potato surface and floats them onto the liquid portion of the medium. 
This insures a luxuriant supply of film for transfers to Sauton medium the following week. 

Sauton cultures: The composition of Sauton medium has not been altered. Ehrlcn- 
meyer flasks (350 ml.) containing 160 ml. of Sauton medium have been used exclusively. 
The veil-like film in the two week old glvcerolated-water potato culture is transferred with 
a 3 by 1 cm. platinum spatula to the surface of the Sauton medium. At 37.5°C. the film 
covers about half the surface in three days and the entire surface as well as a few cm. on the 
sides of the flask in seven daj’S. Such growth within one week is used ns the criterion of a 
normal BCG Sauton I culture. At this time transfers are made with a spiral-shaped plati- 
num wire spade, having a diameter of 25 mm. The film along the border is carefully scooped 
onto the spade in folded fashion and this is again floated on Sauton medium where it flattens 
out promptly. One spadeful is sufficient for each Sauton II flask. These cultures grow 
much more rapidly than Sauton I cultures and the entire surface is usually covered with film 
in four days. After ten days’ growth at ST-o^C., the densely coiled and 3 to 5 mm. thick 
amber-colored film is harvested for vaccine. This is an alteration in Calmette’s original 
technique which specifies 20 to 25 day old Sauton II culture for vaccine production. The 
custom in many laboratories is to use 21 to 30 day old Sauton II cultures (2, 7). It was de- 
cided to shorten the incubation of the Sauton II cultures to 10 to 11 days when serial Loew- 
enstein cultures revealed that such cultures contained between 20 and 40 million living 
bacilli per mg. of semidry weight or SO to 160 million living bacilli per mg. of absolutely dry 
vaccine while the 3 to 4 week old Sauton II cultures contained approximately one-half that 
number. The results of vaccination with the 10 to 11 day old Sauton II culture vaccine 
have been uniformlj' better, especially with the multiple puncture technique, than with 
vaccine prepared from the 21 to 30 day old Sauton II cultures. 

Semidry and dry weight of BCG in 10 to 11 day old Sauton II Cultures: For the purpose of 
determining the growth curve of BCG in 10 to 11 day old Sauton II cultures in 160 ml. of 
medium it has been the practice to single out such a culture once a week for one year for 
exact determination of the semidry and dry weight. The culture is emptied into a Buchner 
suction filter supplied with a fine filter paper (Whatman Xo. 3) which retains the smallest 
particles of BCG. Suction is continued until no more liquid is expressed from the mass. 
After the semidry weight is determined, the mass is placed in a dry sterilizer at 100°C. until 
a constant weight is obtained. By grouping these cultures together into twelve weekly 
lots for the purpose of statistical analysis, the data presented in table 1 and summarized in 
figure 2 were obtained. 
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It will be noted that a remarkable stability obtained in the semidry and dry weights 
throughout the entire 60 week observation period and that not a single significant deviation 
occurred from the first twelve weekly lots of Sauton II cultures to the final lots (49 to 60 
weeks). The ratio between the semidry and dry BCG is almost constantly 4:1. Thus the 
20 mg. per ml. BCG vaccine used for transcutaneous vaccination methods actually contains 
5 mg. of dry BCG per ml., and the 1.0 mg. per ml. BCG vaccine for intracutaneous inocula- 
tion contains 0.25 mg. dry BCG per ml. 

An attempt was also made to determine the exact population of living microorganisms 
per milligram of BCG in every weekly lot of vaccine distributed. This is accomplished by 
serial dilutions of exactly weighed vaccine and by seeding 1 ml. of each of the 10~ 5 , 10 — e , 
10" 7 , and 10~ s dilutions on 5 large tubes of Loewenstein’s egg medium. This study is still 
incomplete. 
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Fig. 2. Average semidrv and dry weights of sixty consecutive weekly lots of vaccine 
produced in 160 ml. Sauton 10 to 11 day old cultures of BCG. 

Preparation of vaccine: The traditional Calmette method of harvesting the Sauton II cul- 
tures for preparation of vaccine dispenses with the actual weighing of the BCG mass, on the 
assumption that the 21 to 30 day old 150 ml. Sauton culture contains 5 Gm. semidry BCG. 
This rule is net absolute and many laboratories desiring a more or less constant concentra- 
tion of vaccine resort to transferring BCG aseptieallv to filter paper between which the 
excess liquid is pressed out. The semidrv mass is then weighed in sterile porcelain crucibles 
after which it is emptied into a flask containing glass or steel halls. In a ball mill the vac- 
cine is mixed with dilution fluid to the proper concentration. To reduce contamination, a 
harvesting apparatus (figure 3) has been constructed which combines all these operations in 
a closed system. The slightly agitated Sauton II culture is emptied into a funnel which 
leads to a cylinder at the bottom of which a strainer filters out the culture. A piston is 
pressed against the BCG mass within the cylinder until no more liquid is expressed. The 
shaft of the piston is calibrated and indicates the height of the column of BCG within the 
cylinder. A nomogram converts height into grams of semidry BCG. The strainer is 
pushed aside and a quick tap on the handle of the piston releases the column of BCG which 
drops into a glass cylinder supplied with 1 Kg. of 4 mm. wide and 0.5 Kg. of 3 nun. wide .SKI' 
inoxidizable steel balls. Before adding diluent , the ball mill is rotated at 30 r.p.m. for two 
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Sauton II culture, before the film is harvested, into 20ml. of meat-infusion semisolid medium 
( FS2B ) (9); 20 ml. of meat-infusion broth, aerobic and anaerobic (FSB); and in a pour plate 
using beef-infusion agar with 0.2 per cent of glucose ( F35A ). These tests are repeated with 
the 20 mg. per ml. and the 1 .0 mg. per ml . vaccines in bulk before dispensing, with the residue 
after dispensing, and with one vial of each twenty dispensed. A duplicate flask of 100 ml. 
of the 1.0 mg. per ml. material in bulk is tested simultaneously by a member of the sterility 
test group of the Antitoxin, Serum, and Vaccine Laboratories. A volume of 160 ml. of 
meat-infusion semisolid medium ( FS2B ) is inoculated with 5 to 5.5 ml. of the material; two 
aerobic and two anaerobic tubes of meat-infusion broth (FSB) with 0.5 ml. each. 

If no growth of contaminating microorganisms appears in the various inoculated media 
after twenty-four hours’ incubation, the vaccine is distributed for a period of seven days. 


! 





Fig. 4. Dispensing BCG vaccine in vials. 

Preliminary studies indicate that the efficacy of the vaccine is not impaired by the addi- 
tion to the diluent of 20 units of penicillin per ml. of the intracutancous vaccine. This con- 
centration of penicillin completely inhibits the growth of staphylococci and streptococci 
during the 10 day period recommended for use of the vaccine before it is returned to the 
Division of Laboratories and Research. This precaution is taken only with the 1 .0 mg. per 
ml. vaccine because penicillin is completely destroyed by the 20 mg. per ml. vaccine within 
a few days. 

QUANTITATIVE TESTS FOR STABILITY OF BCG’s VIRULENCE 

For every lot of BCG vaccine prepared weekly, two tuberculin-negative guinea 
pigs weighing approximately 350 Gm. are injected subcutaneously in the left hind 
leg with 0.5 ml. of the 20 mg. per ml. vaccine, or 10 mg. semidry weight of BCG. 
Tuberculin tests are repeated at monthly intervals. One monlh after inocula- 
tion, 100 per cent positive edematous reactions, which exceed 10 by 10 mm. in 
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Autopsy was delayed until the carcass had remained in the refrigerator (2° to 
4°C.) for several hours in order to allow the blood to coagulate. This insures 
uniformity in the quantitative assessment of the volume and weight of various 

TABLE 2 
Weight of Animals 

Statistical analysis of weight ( Gm .) of guinea pigs before inoculation with 10 mg. BCG and 
when killed S months ( Series A) and 6 months (Series B) afterwards 


(Twelve animals in each group) 




BEFORE INOCULATION 


CROUPS OP ANIMALS 

Series A 

i 

Series B 


Average J 

Sigma 

Average 

Sigma 

weeks 

1 to 12 

355 

2S.51 

360 

29.11 

13 to 24 

353 

33.44 

349 

40.38 

25 to 36 

331 

37.53 

334 

39.60 

37 to 48 ! 

383 

5S.12 

377 

3S.82 

49 to 60 j 

336 

42.17 

321 

53.62 


Probability 


CROUP COMPARISONS 

t 

P 

/ 

P 

1 to 12 vs. 13 to 24 

0.220 

0.S2 

0.750 

wBm 

1 to 12 vs. 25 to 36 

1.729 

0.09 

0.6S6 


1 to 12 vs. 37 to 4S 

i 1-446 

0.1S 

0.701 

K 1 : 

1 to 12 vs. 49 to 60 

0.186 

0.85 

2.131 

0.04 


[ 3 months afterwards 

! 6 MONTHS AFTERWARDS 

GROUTS OP ANIMALS 






Average 

l 

Sigma 

Average 

Sigma 

weeks 





1 to 12 

616 

6S.33 

743 

63.52 

13 to 24 

634 

69.61 

764 

62.27 

25 to 36 

656 

53.77 

791 

S4.90 

37 to 4S 

656 

83.45 



— 


Probability 


GROUP COMPARISONS 

t ' 

I 

P 

t ; 

p 

1 to 12 vs. 13 to 24 

! 0.5SS 

0.5S 

mrm 

0.46 

1 to 12 vs. 25 to 36 

1.470 

0.15 


0.15 

1 to 12 vs. 37 to 4S 

1.225 

0.25 

II 



lymph nodes and organs. The major lymph nodes mentioned in tables 3 and 4 
were carefully dissected free from contiguous tissue and their volume deter- 
mined by water displacement in a specially constructed apparatus (figure 5) 
with cylinders calibrated to 0.001 ml. The volume of the spleen, liver, and lungs 
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was determined in the same manner. Finally, the weight of these organs and 
the pooled lymph nodes was expressed in percentage of the animal’s body weight. 

TABLE 3 

Volume of Lymph Nodes 

Statistical analysis of volume (ml.) of lymph nodes in guinea pigs killed S months after 
subcutaneous inoculation in left hind leg with 10 mg. BCG 
(Twelve animals in each group) 


INOCULATED WITS WEEKLY LOTS OF BCG VACCINE 


LYMPH NODES 

1 to 12 weeks 
(1) 

13 to 24 weeks 
(2) 

25 to 35 weeks 
(3) 

37 to 48 weeks 
(4) 









Lf. sup. inguinal 

0.148 

0.071 

0.146 

0.087 

0.157 

0.027 

0.145 

0.091 

Rt. sup. inguinal 

0.056 

0.024 

0.051 

0.030 


0.024 

0.059 

0.029 

Lf. deep inguinal 

0.018 

0.011 

0.018 

0.013 


0.011 

0.017 

0.012 

Rt. deep inguinal 

0.007 

0.004 

0.011 

0.006 




0.004 

Lf. femoral 

0.111 

0.034 

0.110 

0.049 

0.117 

0.053 

0.117 

0.045 

Rt. femoral 

0.030 

0.028 

0.035 

0.017 


0.027 

0.024 

0.017 

Periportal 

0.010 

0.009 

0.012 

0.014 

a 


0.007 

0.006 

Lf. tracheobronchial 

0.096 

0.055 

0.099 

0.027 

IPlPS 

0.048 

0.094 

0.062 

Rt. tracheobronchial 

0.079 

0.025 

0.078 

0.029 


0.038 

0.084 

0.031 

Lf. cervical 

0.081 

0.014 

0.073 

0.024 



0.079 

0.021 

Rt. cervical 

0.079 

0.012 

0.072 

0.017 


0.025 

0.0S2 

0.015 

Lf. axillary 

0.064 

0.015 

0.066 

0.019 


0.014 

0.062 

0.018 

Rt. axillary 

0.0G6 

0.022 

0.061 

0.019 

0.066 

0.023 

0.058 

0.018 


Probability 


LYMPH NODES 

(1) vs. (2) 

(1) vs. (3) 

(1) vs. (4) 


i 

P 

1 

1 P 

t 

P 

Lf. sup. inguinal 

0.360 

0.6S 

0.270 

1 

0.086 


Rt. sup. inguinal 

0.255 

0.81 

1.960 


0.262 

B 

Lf. deep inguinal 

0.032 

0.90 

0.027 

0.90 

0.020 


Rt. deep inguinal 

1.960 

0.07 

0.980 

0.3S 

0.409 

l ' 

Lf. femoral 

0.025 

0.90 

0.318 

0.75 

0.357 

1 

Rt. femoral 

0.509 

0.62 

0.173 

0.88 

0.612 


Periportal 

0.377 

0.72 

0.701 

0.49 

0.919 

0.38 

Lf. tracheobronchial 

0.016 

0.90 

0.014 

0.89 

0.007 

0.90 

Rt. tracheobronchial 

0.009 

0.90 

0.360 

0.72 

0.421 

0.6S 

Lf. cervical 

1.298 

0.23 

0.044 

0.90 

0.046 

0.90 

Rt. cervical 

1.641 

0.14 

0.049 

0.90 

0.034 

0.90 

Lf. axillary 

1.347 

0.21 

1.641 

0.14 

0.044 

0.90 

Rt. axillary 

0.539 

0.59 

0.145 

0.89 

0.051 

0.90 


By this procedure an attempt , was made to assess the degree of hypertrophy 
caused by the 10 mg. BCG inoculum. 

Volume of lymph nodes: The volumetric data on thirteen different lymph 
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nodes removed from the four groups of animals which were killed three months 
after inoculation are presented in table 3 and figure 6, and the data for the three 

TABLE 4 

Volume of Lymph Nodes 

Statistical analysis of volume (ml.) of lymph nodes in guinea pigs killed 6 months after 
subcutaneous inoculation in left hind leg with 10 mg. BCG 
(Twelve animals in each group) 


INOCULATED WITH WEEKLY LOTS OF BCG VACCINE 


LYMPH KODES 

1 to 12 weeks (1) 

13 to 24 weeks (2) 

25 to 36 weeks (3) 

Average 

Sigma 

Average 

Sigma 

Average 

Sigma 

Lf. sup. inguinal 


0.064 


0.069 


■ppij 

Rt. sup. inguinal 

■ 

0.026 

0.061 

0.029 

0.062 

i 

Lf. deep inguinal 

0.022 

0.014 

0.023 

0.019 

0.025 

■ 

Itt. deep inguinal 

O.OOS 

0.004 

0.010 

0.007 

O.OOS 

0.004 

Lf. femoral 

0.105 

0.052 

EKES 

0.048 

0.115 


Itt. femoral 

0.032 

0.014 

EH 

0.017 

0.040 


Periportal 

O.OOS 

0.006 

0.010 

0.009 

0.007 


Lf . tracheobronchial 

0.09G 

0.035 

0.093 

0.035 

0.091 


Itt. tracheobronchial 

0.077 

0.042 


0.042 

0.0S9 


Lf. cervical 

0.073 

0.019 

l o 

0.016 

0.074 

iiwirS 

Itt. cervical 

0.069 

0.01S 

I 

0.016 

0.076 

0.017 

Lf. axillary 

0.059 

0.021 

1 

0.017 

0.061 

0.010 

Itt. axillary 

0.064 

0.024 

0.061 

0.021 

0.060 

0.015 


Probability 


LYMPH KODES 

<0 vs. (2) 

(1) vs. (3) 


P 

t 

r 

Lf. sup. inguinal 

mmm 

0.S7 


0.79 

Itt. sup. inguinal 

, 

0.41 

1.036 

0.31 

Lf. deep inguinal 

■ 

O.SS 


0.7S 

Itt. deep inguinal 


0.59 

0.019 

0.90 

Lf. femoral 


0.90 

0.4S0 

0.65 

Itt. femoral 

1 

0.32 

1.39S 

0.14 

Periportal 


0.52 

0.9S0 

0.32 

Lf. tracheobronchial 

0.016 

0.90 

0.024 

0.90 

Itt. tracheobronchial 

0.502 

0.C5 

0.701 

0.49 

Lf. cervical 

0.044 

0.90 


0.90 

Itt. cervical 

0.012 


1.347 

0.21 

Lf. axillary 

0.049 



0.90 

Itt. axillary 

0.05S 

0.90 

0.051 

0.90 


groups of animals killed six months after inoculation are presented in table 4 and 
figure 7. It will be noted that the six sets of nodes situated on the left side of 
the body (inoculated side) are symmetrical with the six sets of nodes on the right 






























Fig. 5. Volumetric apparatus for measurement of larger organs (left cylinder) and 
smaller nodes (right cylinder). 



12 WKS LF. RT. LF. RT. LE RT. LE RT. 

SUP. ING. GLANDS FEMORAL GLANDS SUP. ING. GLANDS FEMORAL GLANDS 

3 MOS. 6 MOS. 

Fig. 6. Average volume of left and right superficial inguinal and femoral lymph nodes in 
guinea pigs killed three or six months after subcutaneous injection in left hind leg with 10 
uig. of sixty consecutive weekly lots of BCG vaccine. 
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LYMPH NODES 

VOLUME IN ML. 

Average 

Sigma 


0.570 

0.319 


0.213 

0.217 


0.359 

0.169 


0.70S 

0.352 


0.528 

0.265 


0.413 

0.209 


0.339 

0.163 


0.323 

0.153 

Tjfift AYilIfiry 

0.295 

0.191 


0.243 

0.129 



TABLE 5 

Weight of Spleen, Liver, Lungs, and Lymph Nodes 
Statistical analysis of weight in per cent of body weight of the spleen, liver, lungs, and 
lymph nodes in guinea pigs killed 3 months after subcutaneous inoculation 

with 10 mg. BCG 
(Twelve animals in each group) 


WEEKLY LOTS OF BCG VACCIKE 


OKGANS 

1 to 12 weeks (1) 

13 to 24 weeks (2) 

25 to 36 weeks (3) 

37 to 48 weeks (4) 

Average 

Sigma 

Average | 

Sigma 

Average 

Sigma 

Average 

Sigma 

Spleen 

0.101 

0.014 

0.115 

0.020 

0.114 

0.016 

0.122 

0.028 

Liver 

4.708 

0.752 

4.180 

0.595 

4.367 

0.758 

4.639 

1.015 

Lungs 

1.119 

0.273 

1.079 

0.229 

0.898 

0.176 

1.088 

0.188 

Lymph nodes 

0.165 

0.045 

0.171 

0.047 

0.160 

0.036 

0.161 

0.062 


Probability 


ORCANS 

(1) vs. (2) 

(1) VS. (3) 

(1) vs. (4) 

i 

1 

, P _ J 

I 

P 

‘ 

P 

Spleen 

1.906 


1.991 

ns 

2.023 

. 

Liver 



1.058 


0.181 


Lungs 



2.254 

0.04 

0.221 


Lymph nodes 

0.255 


0.254 

0.81 

0.172 

0.88 


Thus it will be noted that the virulent infection produced a generalized lymph 
node hypertrophy in contrast with the localized process in animals inoculated 
with 100 times greater dose of BCG, or approximately 400 million viable BCG. 

Weight of the spleen, liver, lungs, and lymph nodes: The more exact quantita- 
tive data are those expressed in percentage of the body weight of the animal from 
which the organs were removed since the body weight varies from animal to ani- 
mal. Table 5 presents such data for the spleen, liver, lungs, and lymph nodes 
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1-007 I 
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f O VJ. ( 2 ) 


I 0.030 
0.607 
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0-026 


0.400 
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0.006 
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lungs between 0.898 and 1.119 per cent of the animals’ body weight; and finally, 
the total lymph nodes between 0.136 and 0.171 per cent. With the exceptions 
of the fibrocaseous hypertrophy observed in the left superficial and deep left 
inguinal nodes and the left femoral nodes adjacent to the BCG inoculation ab- 
scess, no macroscopic tuberculous lesions were seen in the liver and lungs of the 
animals killed three and six months respectively after inoculation with BCG 
from 48 different lots of vaccine prepared during one year. 
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Fig. S. Average weight of spleen, liver, lungs, and total lymph nodes in guinea pigs 
killed three or six months after subcutaneous injection in left hind leg with 10 mg. of sixty 
consecutive weekly lots of BCG vaccine. 


Comment 

The data on the tymph nodes, spleen, liver, and lungs indicate that the aviru- 
lence of BCG is not absolute and that the very low grade virulence of BCG is of 
a significantly stationary type for vaccine prepared by the method set forth in 
this presentation. There can be no question about the reliability of this quan- 
titative procedure to detect significant deviations in BCG’s virulence should 
such ever take place. It would seem desirable, therefore, that some such quanti- 
tative assessment of lesions produced in guinea pigs by each lot of vaccine pre- 
pared for use in man should become a standard procedure in order that labora- 
tories entrusted with the production of vaccine at all times may be prepared to 
report objectively on the avirulence of their preparations. 

BCG’s TUBER CULOGEN1C POTENCY IN ANIMAL SKIN TESTS 

Following Jensen’s (4) stud} 1 - on variations in the “virulence” of different 
strains of BCG cultivated by different methods, it was decided from the very 
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in table 8 where the maximum skin lesions with the variously graded doses of 
vaccine have become remarkably stationary. The sole exception is the signifi- 
cant deviation in the 49 to 60 weekly lots of 0.01 mg. But this instance is not 
substantiated in the lesions produced by the 0.1 mg. and 0.001 mg. of the vaccine. 
Thus it may be concluded that the tuberculogenic potency of BCG is relatively 
stable for the BCG vaccine which is prepared by the standardized method. It 
should also be added that the tuberculin reactions, observed in these animals 
with graded doses of Old Tuberculin ranging from 10 to 0.001 mg., bring out the 
fact that the degree of tuberculin hypersensitiveness showed the same stability 
throughout the study. An area of induration exceeding 10 by 10 by 1.5 mm. 
forty-eight hours after intracutaneous injection of graded doses of tuberculin 
occurred as follows: one week after inoculation, approximately 150 mm. 3 with 
10 mg. OT; at two weeks, 390 mm. 3 with 1.0 mg. OT; three weeks, 510 mm. 3 
with 0.1 mg. OT. Thereafter, until the animals were killed three and six months 
later, a reaction of approximately 200 mm. 3 induration uniformly occurred with 
0.01 mg. OT. 

BCG’S TUBERCULOGENIC AND ALLERGENIC POTENCY IN MAN 

Since January, 1947, more than 2,000 tuberculin-negative persons, with no 
evidence in the chest roentgenograms of disease of the lungs, have been vacci- 
nated with the same lots of BCG vaccine. The multiple puncture method has 
been used except in a dozen persons injected intracutaneously with 0.1 mg. 
BCG. The vaccine was invariably used within one week after its preparation. 

A 4 by 4 cm. piece of thin paper, sterilized for fifteen minutes at 100°C., was moistened 
on both sides with the 20 mg. per ml. BCG vaccine in a sterile Petri dish and placed on the 
ether-cleansed skin. The skin was held taut by grasping the arm or thigh on opposite sides, 
the head plate evenly pressed against the paper and the trigger pushed. As the needle 
plate descends the forty needle points become coated with vaccine and carry it into the 
epidermis to a depth of 1 to 3 mm. The paper is removed after one or two minutes. No 
bandage is necessary. Pin-point bleeding may be seen in the punctures when the skin is 
stretched. Excessive spontaneous bleedings should be avoided; and can be readily con- 
trolled by adjusting the extension of the 'needles to 2 or 3 mm. beyond the head plate. 
Between each vaccination, the apparatus is disinfected by immersing the head plate with 
the needle points protruding in boiling water from 10 to 20 seconds, followed by 10 to 15 
seconds in cold sterile water. The apparatus is then placed on a pad of sterile absorbent 
cotton to remove excess water. A new model of the apparatus has a detachable head plate 
and needle plate which can be replaced with sterile parts for every vaccination. The mul- 
tiple puncture vaccination causes no untoward reaction and necessitates no special care. 
After a few days, the skin regains its normal appearance. Suppuration of the regional 
lymph nodes does not occur. Within ten to twenty days the local puncture marks reappear 
as inflamed and infiltrated papules 2 to 3 mm. wide. These lesions cause no general symp- 
toms. Very rarely do they become enlarged . The reactions disappear in a few weeks, and 
from two to three months after vaccination the process is completely resorbed without 
residual marks or scars. Only occasionally, faint white dots may be observed. The tu- 
berculin test with 1.0 mg. Old Tuberculin becomes positive in nearly 100 per cent of success- 
fully vaccinated persons 8 to 12 weeks after vaccination if visible papules have been present. 
A reaction is considered positive when definite induration or edema of at least 6 to 8 mm. 
diameter, regardless of whether redness is present or not, is present forty-eight to seventy- 
two hours after injection. 
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The same lots of vaccine have been assayed for their tuberculogenie properties, 
their ability to produce localized intracutaneous and transcutaneous skin lesions. 
The data indicate that this potency is significantly stable when the vaccine is 
prepared by the methods employed in this study. 

Experience on more than 2,000 persons vaccinated with the material from these 
sixty consecutive weekly lots of BCG vaccine confirm the stability of BCG’s 
tuberculogenie potency and relative avirulence. 

An international standard technique for the preparation of BCG vaccine and 
for the periodic control of its avirulence and tuberculogenie potency is recom- 
mended. 


SUMARIO 

Esludios dc la Virulcncia y Tubcrculogcnia dc Scscnta Lotcs Semanales Consecutivos 
dc Vacuna BCG Producida Confonnc a xina Ticnica Eslablecida 

Descrtbense tdcnicas uniformes para la continua produccidn, semanat de una 
vacuna BCG relativamente establo y eficaz y para la comprobacidn periddica de 
su a virulcncia y propiedades tuberculdgenns. 

Una serie de 60 lotes semanales consecutivos de vacuna BCG producida con 
dichas tdcnicas fud justiprcciada cuantitativamente en cuanto a facultad invasora 
y produccidn de histohiperplasia en cobayos sacrificados a los tres y seis meses, 
respectivamente, de la inoculacidn. Los datos acopiados confirman que la 
avirulencia de BCG no es absoluta, pero si significativamente baja y estacionaria 
para convertir a los animales en kipersensibles a la tuberculina. 

Los mismos lotes de vacuna fueron valorados con respecto a sus propiedades 
tubercu!6genas, o sea su capacidad para producir lesiones intra y transcutdneas 
localizadas. Los datos obtenidos indican que esta potencia es significativamente 
estable cuando se prepara la vacuna por las tdcnicas empleadas en este estudio. 
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A SANATORIUM PROGRAM FOR THE BACTERIOLOGICAL 
DIAGNOSIS OF TUBERCULOSIS 1 

The Results Obtained in Cases Admitted during a Period of Ten Years 
C. RICHARD SMITH 
(Received for publication June 12, 194S) 

INTRODUCTION 

In 1928, Pinner and Werner (1) pointed out that with persistent use of the 
available methods of sputum examination, “positive” results could be found in 
an extraordinarily high proportion of cases of clinically active tuberculosis. 
The}’- found acid-fast bacilli in 99.2 per cent of 507 patients with active disease. 
They concluded that bacteriological diagnosis of active tuberculosis “ . . .is equal 
to any diagnostic laboratory procedure and second to none.” With the repeated 
use of culture and guinea pig inoculation of sputum and stomach contents, 
Decker, Ordway and Medlar (2) found bacilli in 67 out of 97 patients with clini- 
cally active, minimal pulmonary tuberculosis. 

Diagnostic Standards, 1940 (3) includes this statement: “If sputa and gastric 
washings are carefully and repeatedly examined . . . negative results are of dis- 
tinct diagnostic value. It can be safely said that a patient with demonstrable 
parenchymal infiltration in the lung that is apparently active, in whom tubercle 
bacilli cannot be demonstrated, probably has a nontuberculous pulmonary 
lesion.” Willis and Kelly (4) investigated the value of examining the expecto- 
ration of several days pooled together. In a series of cultures, 63 per cent of all 
“positives” were obtained from one day specimens and 92 per cent from ten day 
specimens. In comparing the results from examination of two successive seven 
day specimens, using concentration and culture, they found that the first would 
fail by only 7.8 per cent to yield as many “positives” as both specimens. Their 
recommendation was the collection and examination of a week’s total of sputum. 

In 1942 the Committee on Standard Laboratory Procedure of the American 
Trudeau Society recommended a program for bacteriological diagnosis (5) as 
follows: 

1. Direct smear of a morning specimen and a specimen collected over a period of twenty- 
four hours, or as long a time as the circumstances require. (The direct smear may 
be omitted if the operator chooses to do a concentration.) 

2. If the direct smear is negative, concentrate the same sputum specimen. 

3. Culture the same specimens after concentration if the concentration is negative, if 
less than 5 bacilli are found in the smear, or if there is any possible doubt whether 
the acid-fast bacilli are true tubercle bacilli. 

4. If the first specimen is negative on microscopic examination, repeat the whole pro- 
cedure on two subsequent occasions. 

5. If sputum is not obtainable, gastric lavage should be performed and the sediment 
examined by direct smear, culture, and animal inoculation. 

0. A gastric lavage is recommended in patients having little sputum or if the specimens 
continue to be negative. 

1 From the Barlow Sanatorium, Los Angeles, California. 
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2. If the direct smear is negative for acid-fast bacilli, a six day specimen is collected 
and examined by concentration and culture. 

3. If the concentration test shows no acid-fast bacilli, the stomach contents plus a 
second six day specimen are examined by culture and animal inoculation. With minimal 
lesions or in cases where the diagnosis of tuberculosis is particularly in question, the 
stomach contents are examined as soon as possible, combined with the first six day sputum 
specimen. 


TABLE 1 

Evolution of the Bacteriological Diagnostic Program 1926 to 1946 

Tests carried out routinely during the first three months of residence in cases 

remaining “negative” 


PERIOD 

srtmrst tests* 

GASTRIC CON- 
TENTS BY 
CULTURE AND 
GUINEA PIG 

1 Number 

1 

Number of 
days’ expec- 
toration per 
test 

Total days’ ] 
expectoration- 
examined 

Concentra- 
tion and 
culture 

Concentra- 
tion, culture 
and guinea 
pis 

Culture and 
guinea pigt 

| 

S-31-3G to 10-31-37 

6 


! 

j 

3 

IS 

1 

11- 1-37 to 

1-31-39 

5 

i 


3 

18 

1 

2- 1-39 to 

9-30-40 

4 

7 


6 

66 

1 2 

10- 1-40 to 

7- 1-43 

4 to S 

3 


6 

1 

42 to G6 

3 

7- 1-43 to 

1- 1-44 

4 to S 

i 

3 i 

6 

42 to 6G 

3 

1- 1-44 to 

9- 1-46 

7 to 9 

j 

i 

3 

6 

GO to 72 

3 


* The initial direct smear on a twenty-four hour specimen done in every case is not 
tabulated. 

t These sputums were pooled and examined together with the specimens of gastric con- 
tents shown in the last column. 

4. If the examinations continue to be negative, six day sputum specimens are collected 
continuously during the first three months of residence and examined by concentration 
and culture. Practically, this works out at about one specimen a week. 

5. Once each month during the first three months, the aspirated stomach contents 
are combined with one of the six day sputums for culture and animal inoculation. 

When patients continuing in residence for more than three months are still “negative,” 
a four day sputum specimen is collected in each calendar month and examined alternately 
by concentration and culture and by culture only. Each third month, or oftener, gastric 
lavage is performed and the material, after being pooled with a four day sputum specimen, 
is cultured and injected into animals. In addition, search for other pathogenic micro- 
organisms, especially fungi, is carried out. 

As a general proposition, in cases once proved positive, the simplest test capable of 
demonstrating the bacilli is performed in each calendar month. 
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Microscopic examinations are never done on stomach contents since, although the stomach 
tubes and other equipment are sterilized, dead tubercle bacilli from a previously positive 
case may adhere to the tube or syringe and give a microscopically false positive result. 

Clinical Evaluations 

The clinical evaluation of each case was considered by the clinical staff headed 
by Dr. Howard W. Bosworth, including interpretations of the roentgenograms by 
Dr. Rolla G. Karshner, and final designations by Dr. Franklin S. Reding. The 
cases were classified 6 as to the presence of activity and according to the stage of 
the disease. Active disease was diagnosed when the admission roentgenogram 
showed characteristic soft shadows and when successive pictures over a period of 
months or years showed unquestioned changes. The presence of signs and symp- 


TABLE 2 

Clinical Classification 

Patients admitted from August 31, 1936 to September 1, 1946 


CLASSIFICATION 

ALL ADMISSIONS 

PATIENTS RESIDENT TWO 
MONTHS OR MORE 

Number 

Per cent 
of total 

Number 

Per cent 
of total 

Minimal 

172 

24.2 

166 

25.6 

Moderatelv advanced 

297 

41.7 

277 

42.9 

Far advanced 

129 

18.1 

126 

19.4 

Pleural tuberculosis* 

12 

1.7 

10f 

38 

1.5 

No active tuberculosis 

45 

6.3 

5.8 

No tuberculosis 

56 

7.9 

31 

4.8 

No diagnosis, no treatment 

1 

0.1 

Totaf 

712 

100.0 

648 

100.0 


* No pulmonary tuberculosis demonstrated, 
t One case subsequently shown to be neoplastic in origin. 


toms not explained by other conditions was given due weight. Finally, and pos- 
sibty at variance with other clinicians, all cases baeteriologically positive were 
considered “active.” This was so even in those positive only by culture and 
animal inoculation. 


RESULTS 

During the ten year period from August 31, 1936 to September 1, 1946, 712 
patients were admitted to Barlow Sanatorium. Of these, 648 remained two 
months or more. The numbers and percentages of the different clinical cate- 
gories are shown in table 2. 

Table 3 shows the numbers and percentages of cases found baeteriologically 
positive, according to the clinical designation, for those resident two months or 
more. Of the 569 cases classified as active pulmonary tuberculosis, pulmonary 

* According to Diagnostic Standards, 1940, National Tuberculosis Association. 
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questionably “active,” all with, minimal lesions. One of these had had rest in bed 
for eight weeks, and another for twelve weeks, before admission. In the experi- 
ence of the staff this sometimes is sufficient to result in “closure” of the lesion 
though not sufficient to allow for complete healing. Among 6 cases rated as 
probably “active,” 4 had had rest in bed for eight weeks or more prior to admis- 
sion. 


TABLE 4 


Cases Clinically Active and Bacteriologically Negative 
Resident two months or more 



CLINICAL 

MANTOUX 

PLEURAL FLUID 

TEEAIMENT EEFOEE ADMISSION 

CLINICAL ACTIVITY 

CASE 

CLASSIFI- 

CATION 

Weeks in 
bed 

Surgical 

REASSESSMENT 

1 

MA 

Positive 

s 

S 


Probable 

2 

Min. 

| Positive 




Probable 

3 

Min. 

Positive 


10 


Probable 

4 

Min. 

Not done 

Yes 

1 

Lobectomy 

Questionable 

5 

Min. 

Positive 


8 


Unquestion- 




I 



able 

6 

Min. 

Positive 




Probable 

7 

MA 

Positive 


1 


* Question as to 







tuberculosis 

8 

MA 

Positive 


8 


Probable 

9 

Min. 

Positive 


3 


Unquestion- 







able 

10 

Min. 

Positive 


12 


Unquestion- 







able 

11 

Min. 

Positive 


2 


Probable 

12 

MA 

Positive 

Tubercle 

100 

Pneumothorax 

Probable 




bacilli 




13 

MA 

Positive 


o 


Questionable 

14 

MA 

Positive 


1 


Questionable 

15 

FA 

Positive 

Tubercle 

8 

Pneumothorax 

Unquestion- 




bacilli 



able 


Review showed one case in which the diagnosis of tuberculosis could be ques- 
tioned. The disease was limited to a thin-walled cavity that disappeared on bed 
rest. Examination for fungi had not been made. 

Comparison of results in the early and late part of the study: The results of the 
bacteriological study are derived from a program that has become increasingly 
elaborate during the ten year period. The minimum schedule of examinations 
that will yield comparable results is not indicated. Table 5 shows the results for 
the first two years and the last two years of the study. There is very little differ- 
ence in the percentage of positive findings (for cases of active pulmonary tubercu- 
losis) in spite of the more extensive examination program carried out in the latter 
period. This is perhaps explainable by the fact that in the two years, 1936 to 
193S, S.2 per cent of the admissions (remaining two months or more) were mini- 
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In comparing the results of different bacteriological programs it is important 
to know the clinical classification of the group studied. The percentage of posi- 
tive bacteriological findings in a given series of patients will vary according to the 
proportion with advanced and minimal lesions. In the present series the pro- 
portion of minimal cases isunusually high, making up approximately one-quarter of 
the total, and that of the far advanced cases rather low, being only one-fifth of 
the total. 

SUMMARY 

1. An int ens ive program for the bacteriological diagnosis of tuberculosis is pre- 
sented. 

2. Where indicated, the program includes examination of two-thirds to four- 
fifths of all sputum expectorated by a patient during the first three months of 
residence by concentration and culture and, partly, by animal inoculation. In 
addition, stomach contents are examined by culture and inoculation once each 
month. 

3. The evolution and use of this program during a ten year period is outlined. 

4. During the ten year period positive bacteriological results were obtained in 
97.4 per cent of clinically active cases of pulmonary tuberculosis resident two 
months or more. 

5. Positive results were obtained in 94.6 per cent of cases of clinically active 
minimal tuberculosis resident two months or more. 

SUMARIO 

El Diagnostic Bacteriologico de la Tuberculosis en un Sanatorio 

1. El plan expuesto contempla el diagnostico bacteriologico de la tuberculosis 
en forma intensa. 

2. Siempre que este indicado, el plan comprende examenes de dos tercios a 
cuatro quintos de todo el esputo expectorado por un enfermo durante los primeros 
tres meses de su estancia en el sanatorio. Los examenes comprenden concentra- 
ci6n y cultivo del esputo y, en algunos casos, inoculackm en animales. Ademas, 
se examina una vez al mes el contenido gastrico por medio de cultivos e inocu- 
lacidn. 

3. BosquSjanse la evolution y el empleo de este sistema durante un decenio. 

4. Durante el decenio del estudio obtuvieronse resultados bacteriologicos 
positivos en 97.4 por ciento de los casos clinicamente activos de tuberculosis 
pulmonar en residencia dos meses o mas. 

5. Obtuvose igualmente resultado positivo en 94.6 por ciento de los casos de 
tuberculosis minima clfnicamente activa que habian residido en el estableci- 
miento dos meses o mas. 


REFERENCES 

(1) Pinner, M., and Werner, W. I.: The significance of positive and negative sputum 

findings in pulmonary tuberculosis, Am. Rev. Tuberc., 192S, IS, 490. 

(2) Decker, W . P., Ordwat, W. H., and Medlar, E. M. : The demonstration of tubercle 

bacilli in minimal tuberculosis, Am. Rev. Tuberc., 1943,4?', 625. 
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LETTER TO THE EDITORS 


USE OF A SLIDE CULTURE TECHNIQUE FOR RAPID STREPTO- 
MYCIN. SENSITIVITY TESTING 

To the Editors of the American Review of Tuberculosis: 

We have found it possible to perform streptomycin sensitivity tests employing a 
modification of the slide-culture method first described by Prvee. (Prycc, D. M., J. 
Path. Bact., 1941,5s, 327.) 

For the past year we have been comparing this method with standard techniques of 
performing sensitivity tests with most promising results. 

The method is rapid, easily performed, and is carried out as follows: 

Pure cultures, or digested neutralized specimens, are smeared thinly over the sur- 
faces of 5 sterile 3 by 4 inch glass slides (made by cutting a 3 by 1 microslide longi- 
tudinally). Employing sterile slide forceps, the smear preparations are inunersed into a 
series of tubes of Tween-albumin medium. (Dubos, R. J., Proc. Soc. Exper. Biol. 
<fc Med., 1945, oS, 3G1) containing 0, 0, 2, 10, and 100 y of streptomycin.) Other 
suitable liquid media may be employed. 

After incubation at 37 C C. for one week, a smear is removed from a control tube (no 
streptomycin) and is stained by the usual Ziehl-Neelsen technique. The preparation 
is examined by low power microscopy and, if colonies with serpentine cords (Middle- 
brook, G., Dubos, R. J., and Pierce, C., J. Exper. hied., 1947, SG, 175) are seen, the 
remainder of the smears arc also removed, stained, and examined in a similar manner. 
The concentration of streptomycin which inhibits growth on the slide is considered the 
end point. 

The sensitivity readings compare favorably with tests made, using more standard 
methods employing inspissated egg media and egg-yolk-agar medium. It was in- 
teresting to note that one could estimate “partially resistant" strains by comparing 
colony size and numbers of colonies with the growth on the control tube. 

We have also attempted to utilize this technique by smearing selected particles 
from pathological material directly on the slide and decontaminating the preparation 
by immersing it in 5 per cent H:SO« or 3 per cent NaOH. Although positive results 
have been obtained, they have been too erratic to recommend this procedure unless 
duplicate series of smears are made. 

It is our hope that other laboratories will evaluate this technique as a rapid method for 
testing the sensitivity of hi. tuberculosis to streptomycin or other antibacterial agents. 

U. S. Public Health Service Martin Cummings, 

Tuberculosis Evaluation Laboratory Margaret Drummond 

Atlanta, Georgia. 

March 15, 1949 
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Childhood Tuberculosis. — Most reports of 
tuberculosis in children confine themselves to 
a study of the primary complex. The disease 
may travel diverse paths, however, and the 
character may be protean. A study of 90 
cases which came to autopsy at Sea View 
Hospital is reported. All the patients were 
less than 13 years of age, and 40 per cent less 
than 3. There were 67.S per cent Negro 
children in the series, a reversal of the over-all 
ratio in the hospital. The reason would seem 
to be the presence of a low resistance and con- 
sequent overwhelming infection in this group, 
with frequent progressive primary complexes 
and dissemination. There were 3 general 
types of disease: the primary complax, hem- 
atogenous dissemination, and chronic pul- 
monary tuberculosis. The frequency of vari- 
ous lesions was as follows: ( 1 ) Healed or 
healing primary complex occurred in 66 cases. 
(2) Progressive primary complex was seen in 
23 cases. The lymph nodes were often grossly 
involved, both locally and in distant sites. 
(S) Early generalized hematogenous tuber- 
culosis was present to some extent in all 23 
cases of progressive primary complex. (4) 
Late generalized hematogenous lesions oc- 
curred in 6 cases, all of which had active extra- 
pulmonary disease. (6) Chronic pulmonary 
tuberculosis was present in 20 cases. This 
incidence in children (22 per cent of the series) 
is notably higher than in other reports. The 
lesions were similar clinically and roent- 
genologically to lesions in older age groups. 
A difference at autopsy was the frequency 
(7 cases) of caseated regional nodes in children, 
a rare finding in chronic pulmonary lesions of 


adults. ( 6 ) Skeletal tuberculosis was present 
as an active disease in 21 cases. All of the 13 
cases with vertebral lesions had associated 
abscesses. All but one of the cases of bone 
disease came from progressive primaiy lesions. 
(?) Genito-urinary lesions were present in 10 
cases, 9 of which were females. Three of the 
cases had renal lesions; 8 had genital lesions, 
chiefly of the fallopian tubes. (8) Thirty- 
seven cases of fatal tuberculous meningitis 
were included, a far greater incidence than in 
adults. Tuberculomas of the brain were 
present in 78 per cent of these. The sources 
of the brain lesions were fresh primaries in 
5 cases, progressive primaries in 12, healed 
primaries in 17, and active extrnpulmonnry 
disease in only 3. ( 9 ) Two cases of extensive 
intestinal ulceration without pulmonary cavi- 
tation were found. (10) One case of tuber- 
culous valvular endocarditis was noted. This 
is so rare that it may be the eighth case de- 
scribed in the literature . — Tuberculosis in 
children, 0. Auerbach, Am. J. Dis. Child., 
April, 194S, 75: 555. — (TV. H. Oatway, Jr.) 

Phthislogenous Infiltrates. — Laennec, Koch 
and their contemporaries believed that pul- 
monary tuberculosis started in the apices 
and spread apicocaudally. This conception 
was maintained into the Nineteen-twenties. 
In 1922 Assman demonstrated a form of 
isolated tuberculosis in adults which Simon 
named “FriihinjUtrat”. Braenning and 
Eedeker developed the thesis that this is a 
clinical-roentgenological entity and concluded 
that most tuberculosis originated from these 
infraclavicular “early infiltrates” which spread 
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hemorrhage effectively without untoward 
effects— The control of haemorrhage in extra- 
pleural pneumothorax, E. S. Milliard, Thorax, 
December, 1948, 3: 2SS.—(A. G. Cohen ) 

Artificial Pneumoperitoneum. — Peritoneal 
effusion is the most common of the infrequent 
complications of artificial pneumoperitoneum 
used in the treatment of pulmonary tuber- 
culosis. It has occurred in 8 (3.5S per cent) 
of 223 cases who had received 5,800 refills. 
The ascites in these cases is often due to 
tuberculous peritonitis. Its incidence is un- 
related to the activity of the pulmonary dis- 
ease. Adhesions appear early but the re- 
sponse to laparotomy is fairly good. The 
appearance of ascites is considered an indica- 
tion for discontinuation of the pneumoperi- 
toneum . — Peritoneal effusion as a complica- 
tion of artificial pneumoperitoneum, R. C. 
Cohen, Lancet, December 26, 1948, 2: 1006 . — 
(A. G. Cohen) 

BCG Vaccination. — Ninety per cent of 
infants from homes with infectious tuber- 
culosis in Dublin become infected during 
the first year of life. Autopsy evidence 
shows that most deaths resulted from direct 
spread from the unhealed primary complex. 
In more recent years, as the result of better 
and more prompt treatment, there were more 
recoveries; still, in the best year at least 41 
per cent died. Sixty infants under the age 
of one year were vaccinated with BCG and 
then returned to tuberculous homes. They 
were followed for one to ten years. There 
were no deaths from tuberculosis . — The need 
for BCG vaccination in infants, D. S. Price, 
Tubercle, January, 1949, 20: 11.— (A. G. 
Cohen) 

BCG Vaccination. — There is a very high 
incidence of tuberculosis among the Sas- 
katchewan Indians. For a period of about 
thirteen years, alternate infants were given 
BCG vaccination. A total of 306 infants 
were vaccinated and 303 were followed as 
controls. The alternation was arranged in 
such a fashion as to insure comparability of 


the vaccinated and control groups. Vac- 
cinations were performed within ten days 
of birth. In all but 21 cases, the intra- 
cutaneous route was used. Approximately 
one-half of the infants in each group were in 
close contact with infectious adult tuber- 
culous patients. Follow-up data were avail- 
able for almost all cases. In the vaccinated 
group, there were 6 cases of tuberculosis 
(1.96 per cent) with 2 deaths. In the con- 
trol group, there were 29 cases of the disease 
(9.5 per cent) with 9 deaths. The ratio of 
incidence of infection in the 2 groups was 
1 :4.85; the ratio of deaths was 1 :4.5. There 
were no untoward effects from the vaccination. 
— BCG vaccination of Indian infants in Sas- 
katchewan, R. G. Ferguson & A. B. Simes, 
Tubercle, January, 1949, 30: 6. — (A. G. 
Cohen ) 

BCG Vaccination. — In autopsies performed 
upon children who died of contagious diseases, 
special studies were made of the various 
chains of lymph nodes and also of the tonsils, 
liver, kidneys, spleen and lungs. The sub- 
jects included 57 children under the age of 
two years who had been vaccinated with 
BCG-Paris and 25 controls. Characteristic 
changes were found up to three months after 
vaccination. The lymph nodes contained 
large dilated sinuses filled with large endo- 
thelial cells and lymphoblasts. Reticulum 
cells were scarce; monocytes and histocytes 
were absent. The afferent lymphatics were 
filled with a pale, rose-colored homogeneous 
substance. The lungs showed accumulations 
of histiocytes and lymphocytes. The inter- 
alveolar and interlobar septa and pleura were 
thickened and edematous and the alveoli 
were distended. The spleen contained hyper- 
plastic follicles and endothelial proliferation. 
Round cell infiltrations of the liver were 
noted. In the group vaccinated three to six 
months previously, the changes were less 
marked. After one year, there was progres- 
sive fibrosis of the lymphatic apparatus. 
After two years, the nodes contained in- 
creasing young connective tissue elements 
while fibrous tissue was more pronounced at 
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with great damage to many structures. 
Many forms of treatment, including roent- 
genotherapy, have been unsuccessful. The 
authors report 11 cases in which they em- 
ployed roentgenotherapy to various areas, 
including the skin, eyes, lymph nodes, and 
lungs. In one patient, skin nodules disap- 
peared after doses of 3,000 and 2,500 r. but 
another nodule in the same person did not 
regress with 2,000 r. The lesions of one 
patient regressed spontaneously eleven months 
after irradiation was completed. — X-ray 
therapy of Boeck’s sarcoid , C. P. Donlan, 
Radiology, Avgust, 1948, 51: 237. — (G. F. 
Mitchell !) 

Heterospecific Therapy for Tuberculosis. — 
Experiments begun in 1924 demonstrated the 
production of a “heterospecific increase of 
resistance” when animals were inoculated 
with vaccines prepared from a variety of 
common bacteria. Rabbits and guinea pigs 
were more resistant than usual to pathogenic 
bacteria, including Mycobacterium tuberculosis 
for five to twenty days after intravenous or 
subcutaneous inoculation with dead bacteria. 
The greatest protection was obtained by 
using a mixture of heat-killed E. typhosa 
and N. gonorrhocac in a ratio of 1:3. E. 
typhosa is said to stimulate the function of 
the reticulo-endothelial system and N. gonor- 
rhocac to produce an infiltration of plasma 
cells. Weekly subcutaneous inoculations with 
this mixture partially protected the animals 
against subsequent injections of tubercle 
bacilli and favorably altered the course of an 
established tuberculous infection. A total 
of 2S3 tuberculous patients were treated with 
the vaccine prior to 1937 and the results were 
considered “favorable.” In 1940 a mixed 
autolysate of E. typhosa and N. gonorrhocac 
("Heterosate”) was found to be more effective 
than the vaccines in the prevention and treat- 
ment of experimental tuberculosis in animals. 
1'rom 1940 to 1945, 932 tuberculous patients 
were treated with “Heterosate.” In prepar- 
ing this material a clear autolysate was ob- 
tained from a suspension of 2.0 mg. of bacteria 
per cc. The autolysates from E. typhosa 


and A r . gonorrhocac were then mixed in a|l:3 
ratio. Weekly subcutaneous inoculations 
were begun with 0.25 cc. of a 1:100,000 
dilution and the inoculum was increased over 
a period of thirty weeks to 1.0 cc. of undiluted 
“Heterosate.” The course of treatment con- 
sisted of 36 to 176 inoculations. Of 300 pa- 
tients with “incipient” tuberculosis, 65 im- 
proved and 235 completely recovered; of 
403 “light cases”, 86 improved and 315 re- 
covered. The course of the disease was not 
changed in 2 “light cases” with pleurisy. 
“Moderately severe” disease was improved 
in 88 and cured in 65 of 173 patients; IS 
were unchanged and 2 died. Of 56 “serious 
cases”, 19 improved, 7 recovered, 25 were un- 
changed, and 5 grew worse. Prophylactic 
inoculations of “Heterosate” apparently af- 
forded some protection against tuberculosis 
in a series of 44 student nurses. — Hetero- 
specific alteration therapy for pidmonary tuber- 
culosis, S. Nukada & C. Ryu, Japanese Med. 
J.,June, 1948, 1: 181. — (L. B. Hobson) 

Congenital Pneumonia. — An epidemiologic 
and serologic relationship exists between the 
occurrence of simple upper respiratory infec- 
tion and primary atypical pneumonia. Pri- 
mary virus pneumonitis occurs in epidemics 
attacking newborn and premature infants. 
Surface cells from the pharynx and lungs 
often contain cytoplasmic inclusion bodies 
but bacteria are scanty. Treatment is in- 
effective. Six instances are reported in 
which infants were born with respiratory 
symptoms or developed them during the 
first or second day. The mothers had 
symptoms of respiratory infection before or 
after childbirth. Both infants and mothers 
were found to have inclusion bodies in the 
pharyngeal smears. Normal human serum, 
U.S.P., and concentrated human gamma 
globulin appeared to be beneficial for the 
infants’ infections . — Congenital pneumonitis in 
navbom infants, J. M. Adams, Am. J. Dis. 
Child., April, 194S, 75: 544- — (TF. II. Oatvay, 
Jr.) 

Lungs in Scleroderma. — In 4 cases of 
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bution of lymphoid tissue iu the retrosternal 
area. Enlargment of the hilar or mediastinal 
lymph nodes usually is looked for when a 
clinical diagnosis of malignant lymphoma is 
made, but the other manifestations may be 
neglected. The authors have found a lateral 
roentgenogram of the chest helpful in demon- 
strating (i) a “boardlike” soft tissue mass of 
even width extending from level of diaphragm 
to that of the sternoclavicular joint, or ( 2 ) a 
“padlike” mass or masses with a lobulatcd 
appearance and a broad base toward the 
sternum . — liclroslemal infiltration in malig- 
nant lymphoma, F. G. Flcischncr , C. Bern- 
stein & B. E. Lc Tine, Radiology , September , 
W/ f S, SI: S50 . — ((?. F. Mitchell) 

Peripheral Vascular Diseases of the Lung. 
— Various disease skates affect the smaller 
pulmonary blood vessels by increasing the 
permeability of their walls or by causing ob- 
struction of their lumina. The authors are 
concerned with the roentgenographic changes 
which are seen in diseases affecting vascular 
permeability’. This permeability may be 
disturbed by (0 trauma which may alter the 
vessel wall, rupture it, or produce prolonged 
arteriolar spasm, ( 2 ) chronic nutritional de- 
ficiency’, or (S) exposure to drugs or antigenic 
substances. Nonpenetrating injuries of the 
chest frequently’ produce roentgenographic 
signs suggestive of an acute inflammatory’ 
process. These include parenchymal shad- 
ows of variable extent usually’ associated 
with pleural involvement and tending to dis- 
appear rapidly. Epidemic influenza dam- 
ages the pulmonary’ capillaries primarily’, pro- 
ducing a progressive hemorrhagic pneumonia 
with shadows rapidly extending from the 
periphery’ toward the hilum. Disseminated 
lupus erythematosus show’s a roentgenographic 
picture similar to that in influenza but is, of 
course, characterized by diffuse fibrinoid de- 
generation of collagen with necrotizing ar- 
teritis. Rheumatic fever also is associated 
with widespread collagenous degeneration 
and vascular changes. There may be many’ 
areas of perivascular exudation which form 
nodules during healing. The lungs are in- 


volved in about half the patients during the 
acute stages and later roentgenograms show’ a 
diffuse, hazy’ shadow over the middle and 
upper portions of the lung fields, more dense 
peripherally’. If heart failure and pulmonary 
congestion are present, these findings are ob- 
scured. Periarteritis nodosa is a focal ar- 
teritis with hyaline degeneration, nodule for- 
mation, and obliteration of the lumen. Most 
patients with this disease have pulmonary 
involvement at some time and may’ have 
pulmonary’ failure in the acute stages. This 
is associated with transient but massive, 
symmetrical shadows extending from the 
hilum toward the periphery’ so that a “corona” 
appears about the mediastinum. In the 
chronic stages small, hazy’ shadow’s scattered 
throughout the peripheral lung fields and 
accentuated bronchovascular markings at 
the bases suggest bronchopneumonia. Serial 
films show migrations of these shadows similar 
to those described in Loefller’s syndrome. 
Exfoliative dermatitis may’ be accompanied 
by roentgenographic evidence of a diffuse 
inflammatory’ process, disappearing and reap- 
pearing with the changes in the skin. Acute 
glomerulonephritis may alter the permea- 
ability of the vnscular walls and produce 
evidence of pulmonary edema and pleural 
effusion . — The roentgen appearance of the chest 
in diseases affecting the peripheral vascidar 
system of the lungs, R. P. Barden cfc D. Cooper, 
Radiology, July, 19/ t S, SI: 44 .— (G. F. Mit- 
chell) 

Surgery of Tension Cysts. — Congenital 
cysts of the lung are uncommon. A survey 
in 1933 included only 150 cases, very few of 
which were seen in infants or diagnosed during 
life. The large single tension tyqre of cyst 
is even more rare. It is bronchogenic in 
origin and until recently was fatal. In the 
past five years a few’ resections have been re- 
ported and the authors successfully removed a 
giant cyst in an infant of four months. The 
patient’s mother had had four previous preg- 
nancies, two of which had resulted in mis- 
carriages and one in a stillbirth; the other 
infant died during the first day of life. The 
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Acute generalized hematogenous tuberculosis 
was then selected for treatment with promi- 
zole because the course of this disease is more 
prolonged than that of meningitis, thus allow- 
ing more time for the action of the drug. The 
prognosis of tins form of tuberculosis in 
children is nevertheless uniformly bad. The 
first cases were started on 1 Gm. daily and 
the dose was increased rapidly to the point 
of toxicity. Later the dosage was more 
slowly increased until a daily* dosage of 5 
Gm. was reached. A blood level of 2 to 3 mg. 
per 100 cc. was found satisfactory and, after 
prolonged treatment, adequate blood levels 
could be obtained with as little as 1 Gm. a 
day of the drug. Eleven children, ranging in 
age from six months to eleven years, with 
acute miliary* tuberculosis received promi- 
zole. Treatment was given for one month to 
two or more years. The toxic effects noted 
were vomiting, leucopenia, cyanosis, jaun- 
dice, a definite increase in the size of the thy- 
roid gland and sex maturation as evidenced 
by enlargement of the nipples and breast 
tissue and growth of pubic hair. These 
changes yielded readily to treatment except 
possibly the sex maturation. Five consecu- 
tive cases of acute generalized miliary tu- 
berculosis were apparently adequately treated 
with promizole. Of these 2 children died 
forty-three days and four and a half months 
after therapy was begun. Roentgenographic 
evidence of miliary* tuberculosis disappeared 
completely in 3 children who are alive thirty to 
thirty-three months after promizole was first 
given. The primary pulmonary lesions cleared 
slowly and in 2 cases cavitation appeared. 
One child developed tuberculosis of the spine, 
choroiditis and positive urine cultures while 
taking the drug. All three of these cases are 
still receiving maintenance doses of promi- 
zole, Thus promizole may have a favorable 
action in suitable cases of miliary tuberculo- 
sis. It can be given safely and effectively 
over a period of years.— The treatment of 
miliary tuberculosis vnth promizole. E. M. 
Lincoln, S. Stone & 0. R. Hoffman, Bull 
Johns Hopkins Hosp., January, 19 J/S, 82 : 
A (J • S. Woolley ) 


Streptomycin for Tuberculous Meningitis. 
Thirty children with tuberculous meningitis 
between the ages of 9 months and 11 years 
were treated with streptomycin. The drug 
was administered intramuscularly as well as 
intrathecally to 25 patients; 5 others were 
treated with intrathecal injections alone. 
A series of 20 to 25 intrathecal injections 
was given, each dose being 0.025 to 0.1 
Gm. The intramuscular dosage was 0.25 to 
0.5 Gm. daily and was continued for three 
to five months. Among these 30 cases 
there were 11 deaths; 19 children were alive 
after two to fifteen months. The best re- 
sults were obtained in those children in whom 
treatment was started not later than on the 
tenth day of illness. The spinal fluid be- 
came completely* normal in only 6 of the sur- 
viving 19 cases. — Streptomycin in tuberculous 
meningitis in children {Russian), N. O. 
Yassilcvich, Probl. Tuberk., 1948, S: 22 . — 
V. Lcites ) 

Streptomycin In Chest Surgery. — Reports 
of the use of streptomycin in pulmonary and 
pleuropulmonary* infections are still scanty. 
A series of 17 cases of lung abscess, nontu- 
berculous empyema, and tuberculous em- 
pyema is reported as a part of the experience 
with streptomycin in U. S. Army Hospitals. 
In 3 cases of lung abscess the drug in con- 
junction with penicillin seemed helpful when 
the organisms were sensitive but not when the 
lesions were chronic and extensive. Five 
cases of nontuberculous empyema were helped 
remarkably*, especially when susceptible 
organisms, notably* E. coli, were present and 
adequate surgical drainage was obtained. 
In 9 cases of tuberculous empy*ema the results 
were variable. Fistulas and empy*emas did 
not seem to improve if the associated pul- 
monary* lesions were productive or if they did 
not improve coincidentally. It is believed 
that streptomycin may be more effective in 
conjunction with penicillin; it may control 
pyogenic invaders during local or intramus- 
cular administration; and it may extend the 
scope of plastic operations by providing addi- 
tional protection. — Streptomycin in surgical 
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losis which was unknown to the medical de- 
partment. In view of these meagre results the 
value of annual roentgenographic surveys is 
considered absolutely out of proportion to the 
cost in stable and homogeneous employee 
groups supplied with a good medical depart- 
ment. Much more important is the continu- 
ous case finding activity of the medical de- 
partment especially on the occasion of the 
slightest suspicious symptoms. — La tubcrcu- 
lose el les cxamens radiologiques annuals, G. 
Poix, M. Bariily, & J. Bcnctaud, Pressc 
vied., November 16, 194S: 776. — ( F. Leitcs ) 

Case Finding in Hospitals. — The routine 
examination by roentgenography of hospital 
admissions and outpatients is one of the best 
methods of finding tuberculous and other 
lesions of the chest. Although early trials 
occurred fifteen years ago, no hospital was 
known to have a routine program in 193S. A 
survey in 1943 indicated that 56 general hos- 
pitals were using the method but recent data 
on progress have been either incomplete or 
unusable. The American Hospital Associa- 
tion reported early in 194S that 879 institu- 
tions of all types claimed to be taking “rou- 
tine chest x-rays." An attempt has been 
made to determine the practice in general 
hospitals which comprise 4,539 of the 6,276 
registered hospitals but which receive 93 per 
cent of the 15,829,000 admissions per year. 
Information was obtained from all of the state 
heatth departments, 43 of which now have 
tuberculosis control officers. It was found 
that data on the origin of funds and on the 
type of films were scanty. Data on the cost 
per patient and the charges per film were 
usually not computed or correlated. In most 
hospitals the taking of chest roentgenograms 
is far from routine. In spite of a lack of defi- 
nite statistics, there is evidence that the use 
of routine roentgenography is being widely 
extended. Several states have very active 
and widespread plans. Finances are said to 
be less of a problem to hospitals than ad- 
ministration. At least 247 general hospitals 
were found to have a program in effect, 27 
more have equipment ready to use, and 


numerous others have plans to initiate a 
program. — The current status of routine x-ray- 
ing in general hospitals of the United Slates, 
September, 194S, W. H. Oalway, Jr., Arizona 
Medicine, January, 1949, 6: SS. — (TF. H. 
Oalway Jr.) 

A Nonofficial Agency In Britain. — Last 
December the National Association for the 
Prevention of Tuberculosis celebrated its 
fiftieth anniversary. The Association re- 
mains a voluntary’ body’, encouraging research 
and seeking public support. There is a de- 
finite place in the National Health Sendee for 
the nonofficial agencies which are interested 
in the prevention of tuberculosis and the next 
ten y’ears should see no restriction of its ac- 
tivities. Indeed, the prevention of tubercu- 
losis might well form the main task of medical 
officers of health who are now freed from the 
routine of hospital administration. At pre- 
sent the Association is extending its activities 
to the British colonies. — Tuberculosis and 
voluntary action, Editorial, Brit. M. J., 
December 85, 1948, 4599: 1114. — {JR. IF. Clarke) 

BCG Cultures. — The possibility’ arose that 
frequent subculturing might alter the biologi- 
cal properties of BCG strains. The prob- 
lem could easily be solved if the cultures could 
b e kept under standard conditions. A method 
used successfully with other organisms is to 
freeze-dry the cultures. The problem was to 
determine the efficacy of this method with 
BCG strains. Various vehicles ware tried; 
serum and gelatin proved best. It was found 
that the survival rate after freeze-drying was 
about 66 per cent. The cultures were stored 
for one to twelve months at both 4°C. and 
26°C. The survival rate w r as not affected by 
the length of storage. Antigenicity’ was tested 
by tuberculin tests on immunized guinea pigs 
and by protection tests against virulent strains. 
There was no difference in virulence between 
the frozen-dried cultures and controls. — 
Viability of freeze-dried BCG cidtures, J. 
Unger, Tubercle, January, 1949, 30: 8. — 
(A. G. Cohen) 




EMPYEMA AS A COMPLICATION OF CHRONIC PULMONARY 

TUBERCULOSIS 

OSCAR AUERBACH 1 > s 

(Received for publication January 17, 1949) 

Empyema as a frequent complication of chronic pulmonary tuberculosis is in 
many of its aspects poorly understood. In an effort to clarify some of the con- 
troversial points, it was decided to review all of the cases of empyema which 
came to autopsy. An attempt was made to correlate such factors as treatment 
■with pneumothorax, bronchopleural fistulas, and bacteriologic findings with the 
development and course of empyema. 

COMPOSITION OF SERIES 

One thousand eight hundred seventy-four consecutive autopsies of chronic 
pulmonary tuberculosis were reviewed. Among these there were 311 cases of 
empyema, an incidence of 16 per cent. 

Diagnostic criteria: All cases in which purulent material tvas present in the 
pleural cavity were included in this series. No distinction was made in this 
study between gradations of the pus as to consistency, specific gravity, or bac- 
teriological variants within the fluid. 

Age: The youngest person in the series was 8 years of age, while the oldest 
was 70 years of age. From table 1 it may be seen that the majority of cases 
occurred in the age period between 20 and 40 years, the age period in which the 
greatest number of cases of chronic pulmonary tuberculosis is observed at au- 
topsy. 

Sex: There were 205 men and 106 women. This was in direct proportion of 
men to women in the general autopsies during this period. 

Color: One hundred and ninety-one (61.09 per cent) were white, 118 (37.9 per 
cent) were Negroes, while two (0.6 per cent) were of the Asiatic race. This is 
also directly proportional to the color distribution in the general autopsy series. 

Artificial Pneumothorax 

Two hundred and fifty-two (81 per cent) of cases of empyema occurred in the 
presence of an artificial pneumothorax on the same side, while fifty-nine (19 per 
cent) were found in cases without antecedent treatment. 

Duration of chronic pulmonary tuberculosis before induction of artificial pneumo- 
thorax: In table 2 it may be seen that 110 cases (42 per cent) in the series were 
those in which pneumothorax had been started one to three months after the 
onset of chronic pulmonary tuberculosis. Another 70 occurred in patients in 
whom pneumothorax had been started between the fourth and seventh months 

1 Laboratory service, Halloran VA Hospital, Staten Island 2, New York. 

- This material was gathered while the author was at Sea View Hospital, Staten Island 
New York. ’ 
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In 100 cases (50.5 per cent) tlu? pneumothorax' was abandoned from one to 
eight months after the initial induction. In 55 instances (21 .8 per cent) collapse 
therapy was abandoned from nine to eighteen months after it. was started. In 
the remaining 47 eases (1S.7 per cent) it was given up from nineteen months 
to five years later. 

When the pneumothorax had been maintained for a long period of t ime before 
the development of the empyema, (ho bronchopleural fistula, when found, was 
at the ha«c of a chronic cavity in the upper lobe of the lung (figure lb). 


TABLE 3 


Duration of Artificial Pneumothorax 
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1‘i’om this study it seems justifiable to state that in cases of artificial pneumo- 
thorax empyema is an early complication of the therapy, hut may occur so long 
as the collapse is maintained in the presence of an open cavity. 

PATHOLOGIC ANATOMY 

In the vast majority of cases the empyema cavity was located in the lateral 
aspect of the chest. It usually extended from the inferior aspect of the upper 
lobe to the base of the lower lobe. The cavity extended for a variable distance 
toward the anteromedian and also toward the posteromedian aspects of the 
chest. In all regions the boundary of the empyema cavity was the fused visceral 
and parietal layers of the pleura. In most instances the empyema cavity meas- 
ured about 15 cm. in the apico-basal direction and 12 cm. in width. There 
vere variations in the size and position of the empyema space. In some cases 
the empyema cavity continued for a variable extent along the diaphragmatic 
surface. Less frequently it extended toward the apical aspect of the lung. In a 
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Where multiple perforations were present, they were located either in different, 
lobes on the same side or in the same lobe. The size of the fistulas varied from 
less than one mm. to that of almost an entire lobe; the latler having occurred 



Fig. la. (Left) The visceral pleura over the right lung of a 20 year old man who had been 
receiving artificial pneumothorax on the right side for one month before his death. The 
total duration of his disease was sixteen months. The patient expired two days after 
definite clinical signs of a spontaneous pneumothorax on ihe right side. After diligent 
search a cap of fibrinous tissue (a) was found firmly attached to the visceral pleura. 

Fig. lb. (Right) Removal of the fibrinous cap in figure la (b) revealed a 2 mm. opening 
in the visceral pleura which communicated with a large cavity in the upper lobe of the right 
lung. 

where artificial pneumothorax was instituted in cases of extensive caseous lobular 
pneumonia (figures 2a and 2b). The distribution was as follows: 


Upper lobe of the left lung 52 

Lower lobe of the left lung 19 

Both lobes of the left lung 8 

Upper lobe of the right lung 44 

Middle lobe of the rightlung 4 

Lowerlobeof the right, lung 16 

Upper and lower lobes of right lung S 

Middle and lower lobes of right lung 2 
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in the pleural exudate during life. The presence of a zone of caseation lining 
the pleural surfaces in the last group would indicate that the pleural fluid had 
not been sterile. 

The inner aspect of the pleura in the early cases was lined in part by a variably 
wide pink granular zone of caseat ion and in part by a zone of fibrin containing 
polymorphonuclear leukocytes and nuclear debris. Toward the periphery of this 
zone were fibroblasts and epithelioid cells. A narrow to wide zone of vascular 
granulation tissue surrounded the inner layer. This was composed of fibro- 



Fig. 3. A coronal sect ion of the upper lobe of the right lung of a 29 year old Negro woman 
whose total duration of illness was twenty-one months. An artificial pneumothorax on the 
rightside was begun seventeen months after the onset of her disease. A Jacobeus operation 
to sever an adhesion was performed three weeks before her death. A portion of the severed 
band is still present, but most of it has sloughed away. A bronchopleural fistula is located 
at the site of the adhesion hand. 

blasts, epithelioid cells, Langhans’ giant cells, dilated capillaries, and collagen 
fibrils. In some areas the cellular elements were arranged to form tubercles. 
Tubercle formation and giant cells were generally not as frequently found as in 
the tuberculous granulation tissue in the lung parenchyma. It was often 
necessary to examine multiple sections of the pleura to establish the tuberculous 
character of the process with certainty. 

Beyond the granulation tissue was a zone of loose connective tissue, wider in 
the parietal than the visceral aspects, which became progressively thicker as the 
process continued. 


Bacteriology 

Some classifications (1, 2, 3) of empyema contain two groups and are so divided 
according to the bacteriologic findings of the fluid. One group is tuberculous 



osf a it AricitiiArn 




& 


& 


’< r 




ti 




Fig. 4a. (Top) A large empyema cavity on the right in a 2G year old woman whose total 
duration of illness was forty-four months. An artificial pneumothorax on the right side 
was begun six months after the onset, of her illness and abandoned thirty-one months later 
because of fluid in the pleural space. The greatly thickened parietal pleura (a) is adherent 
to the muscles of the chest wall. An adhesion band (b) is present between the visceral and 
parietal pleurae. The opening of a bronchopleural fistula is seen in the visceral pleura (c). 

Fig. 4b. (Bottom) A coronal section of the right lung (figure 4a) shows it to be greatly 
compressed. A probe is seen passing through the cavity and the opening in the visceral 
pleura. Only tubercle bacilli were recovered from the pleural fluid during life. 
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empyema in which only tubercle bacilli are recovered, and the other mixed in- 
fection empyema in which in addition pyogenic organisms are also found. 

In the present series, bacteriological examination of the pleural fluid was not 
performed in 101 cases. In the 210 cases in which a study of the fluid was made, 
89 showed the presence of tubercle bacilli in pure culture while 78 contained 
tubercle bacilli and pyogenic organisms. In 19 cases only pyogenic organisms 
were found and in 24 cases the cultures were sterile. 



Fig. 5. A greatly compressed lung on the left due to an empyema cavity in a 49 year old 
man whose total duration of illness was six years. An artificial pneumothorax on the left 
side was begun two and one-half years after the onset of disease. Death occurred during a 
second stage thoracoplasty (left) when the pus in the pleural cavity was aspirated into the 
right lung through a small bronchopleural fistula (a) in the lower lobe of the left lung. The 
compressed lung is resilient throughout its greater extent. The pleurae over the upper part 
of the lung are greatly thickened and the pleural space obliterated. Streptococci and 
tubercle bacilli were cultured from the pus during life. 

Except for M. tuberculosis, staphylococci were most frequently found in the 
pleural cavity. This finding is in agreement with the observations reported in 
the literature. A few authors (4, 5, 6) have pointed out that the finding of 
staphylococci in an empyema in itself suggests that the condition may be pri- 
marily tuberculous. Less frequently isolated were pneumococci and streptococci . 

In a small group of cases (35) three other organisms were found in the empyema 
cavity. These were B. proteus, B. pyocyaneous and in two instances, E. coli. 
It is interesting that in this group the organisms in all instances appeared after 
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a communication with t I k* outside. The opening to the outside was the result, 
of a thoracotomy nineteen times, an empyema necessitatis three times, and follow- 
ing a Sehede operation, thirteen times. 

Another feature of the hacteriologie studies is the great variation in the find- 
ings obtained from repeated studies of the purulent fluid removed from the same 
patient . The variations were great and in many instances extremely inconsistent. 
In some instances no organisms were recorded, other times tubercle bacilli, and at 



Fig. G. A large empyema cavity on the left occurring in a 31 year old woman whose total 
duration of illness was twenty-three months. An artificial pneumothorax on the leftside 
was begun five months after the onset of her disease. A bronchopleural fistula in the upper 
lobe of the left lung is not visualized in this view. The thickened parietal pleura is lined 
by a thick green “velvety” surface. An empyema necessitatis which had not ruptured 
through the skin was present in the left breast. Tubercle bacilli, but. no pyogenic organ- 
isms, were cultured from the pus removed during life. 

other times pyogenic organisms in association with tubercle bacilli. The pyo- 
genic organisms, when recovered, were not always the same. 

Healing of Pulmonary Cavities on Side of Empyema 

In fifty (16 per cent) of the eases in this series the cavity in the lung had tinder- 
gone anatomic healing either in the form of an inspissated cavity or a radial 
scar. In 24 instances cavities were present in the other lobes of the same lung 
or on the opposite side. In the remaining 26 cases the entire tuberculous process, 
including the cavity, was either in the stage of healing or was anatomically 
healed. 
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In 26 of the 50 cases, an artificial pneumothorax was performed to collapse 
the cavity and, although in these cases the object was accomplished, the compli- 
cation resulting from the procedure was the direct or indirect cause of death in 
many instances. Some of the patients died in uremia secondary to amyloidosis 
and others of a bronchopneumonia following one of the operations to obliterate 
the empyema cavity. 

Complications 

Empyema iiccessUalis: There were 32 (9.7 per cent) cases in the series which 
showed evidence of an empyema necessitatis. This is considerably lower than 
the 24 per cent reported by Sindel (7) in a clinical study from this institution. 
The basis of this difference lies in the fact that most of the cases in the present 
series underwent extensive surgical treatment during life in the form of aspira- 
tions, thoracostomies, and thoracoplasties. 

In all but four instances the empyemata occurred in cases treated with arti- 
ficial pneumothorax. 

In all but one case, the empyema necessitatis was present in the form of an 
abscess in the soft issue of the chest wall. In the one exception it perforated 
the esophagus and resulted in a pleuro-esophageal fistula. 

The abscess in the chest wall, usually found in the anterolateral chest wall, 
communicated with the pleural empyema through one or more openings which 
varied in size from 2 mm. to 2 cm. The latter were enlarged needle tract open- 
ings lined by tuberculous granulation tissue. The chest wall abscess varied in 
size from 2 cm. to 5 cm. in diameter. In 22 of the cases the abscess ruptured 
through the skin to form a pleurocutaneous fistula. 

Amyloidosis: In 107 (34 per cent) of the cases, amyloidosis of varying degrees 
was present. This compares with 22 per cent in the general autopsy series 
during this period of time and 35 per cent which were observed in skeletal tu- 
berculosis. 

Amyloidosis was present to a much greater extent in those cases in which the 
empjrema had been present for long periods of time. There can be no question 
that empyema is an important predisposing factor in the development of amy- 
loidosis. 

The amyloid deposits were present chiefly in the liver, spleen, kidneys, and 
adrenal glands. In some of the cases the tuberculous process within the lungs 
underwent anatomic healing (with cavity closure) and the patient died of uremia, 
resulting from an extensive amyloidosis in the kidneys. 

DISCUSSION 

It lias been our impression that the cause of the empyema in each instance is 
a bronchopleural fistula. The importance of bronchopleural fistula as an etio- 
logic factor was recognized by Duboff (8) and stressed by Coryllos (9). 

In many of the cases of empyema in the present series, in which there was no 
bronchopleural fistula present at the time of the autopsy, there was a definite 
episode which pointed to the presence of one during the patient’s life. These 
episodes included: marked shifts of the mediastinum to the opposite side; the 
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lung compressed in excess to that observed at last fluoroscopy. This finding was 
soon followed by a pleural exudate. 

The emptying of the contents of a pulmonary cavity or liquefied caseous focus 
into the pleural cavity through the perforation sets up an inflammatory process 
in the pleura. This inflammatory process, regardless of the type of bacteria 
involved, has a uniform gross and microscopic appearance. It is not unusual 
to isolate different species of bacteria from a given empyema cavity at different 
times. 

The finding of pyogenic organisms in the pleural empyema is an extremely 
interesting feature as the presence of pyogenic organisms in the tuberculous 
cavity within the lung is a rare occurrence. Yet, in cases with a bronchopleural 
fistula without thoracotomy drainage, pyogenic organisms are found in the 
pleural space with great regularity. It is difficult to explain why the bacterial 
flora present in the bronchi do not gain access to the vomica in the lung, yet 
when this structure perforates into the pleural cavity, pyogenic organisms are 
found in the latter. Even in these latter cases, however, pyogenic organisms are 
rarely found in the pulmonary cavity. A study of the organisms in the empyema 
cavity (staphylococci, pneumococci, streptococci) indicates that they are the 
type found normalfy in the mouth. 

The findings of the present study substantiate the often repeated statement 
that empyema in chronic pulmonary tuberculosis is chiefly (SI per cent of cases) 
a complication of artificial pneumothorax. It is interesting to note that Vine- 
berg and Aronowitch (11) in their study also found 81 per cent of their empyema 
cases were secondary to induced pneumothorax. In 2 instances there was empy- 
ema present on both sides; both occurred in the presence of a bilateral artificial 
pneumothorax. 

It is unfortunate that in the present series data are not available concerning 
number of patients noth artificial pneumothorax who died during this period so 
that it would be possible to determine the incidence of empyema in cases of 
fatal chronic pulmonary tuberculosis with artificial pneumothorax. The inci- 
dence as reported by different men (1, S, 11, 13-16) varies considerably, how- 
ever, with a range from 5.8 to 40 per cent. 

There are three main sources given for the infection: ( 1 ) rupture of a cavity or 
a subpleural caseous focus into the patent pleural space; (2) tearing of an ad- 
hesion; and (S) infection from without. 

Rupture of a cavity or subpleural focus into the patent pleural spaces: The tu- 
berculous process in the lung usually begins as an area of tuberculous pneumonia 
in the posterolateral portion of the upper lobe, usually about 2 or 3 cm. above the 
interlobar fissure. This site corresponds to the infraclavicular shadow observed 
in the roentgenograms. Surrounding the tuberculous pneumonia is a perifocal 
reaction the extent of which usually varies with the size of the focus it surrounds. 
This reaction extends to the pleura and results in a localized serofibrinous exudate. 
As the process continues the tuberculous pneumonia undergoes caseation, 
liquefaction, and cavity formation. With the development of caseation, a zone 
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Tearing of an adhesion: Some authors (4, 18-20) believe that in some instances 
there is a rupture of existing adhesions with infection of the pleura. Joannides 
(21) believes that the injured pleura comes in contact with contaminated air 
and this produces an exudate. 

The writer has never seen evidence at autopsy of the rapture of an adhesion 
band with the subsequent development of an empyema. The development of a 
bronchopleural fistula following the severance of an adhesion has been observed. 
The latter phenomenon is a very infrequent occurrence, however, and it is 
believed that the reason for this lies in the structure of the adhesion bands. 
Three distinct types of bands are present. One is a thin, cord-like band com- 
posed entirely of hyalinized connective tissue, another is a broader round band 
containing pulmonary tissue for varying extent toward the parietal attachment, 
and the third consists of wide, fan-like adhesions which always contain lung 
tissue in its parietal attachment. The fan-lilce adhesions are dangerous to sever 
and are usually left intact by the surgeon. The great majority of bands are 
the thin, hyaline connective tissue bands devoid of lung tissue. Section of these 
bands at their parietal attachment leads to necrosis of the band which halts at 
its visceral junction. Support for this thesis is found at autopsy since in a great 
number of cases all traces of the bands severed by previous Jacobeus operation 
are absent. Lysis of the round adhesion bands containing lung tissue is a 
probable cause of fistula formation. Under these circumstances, either the 
coagulative necrosis extends to the pulmonary tissue or the lung tissue is cut 
directly, leading to a bronchopleural fistula. Since these adhesions are usually 
found over cavities, the necrosis extends to the lung tissue until the cavity be- 
comes involved. This may come to open directly into the pleural space (figure 
3). 

Infection from mlhoat : In a previous study (22), it was stated that pyogenic 
organisms can be introduced into a tuberculous empyema from outside the chest 
wall by means of aspirations, but that this happens so infrequently that its 
significance is negligible. Leaver and Hardaway (1) state that, although the 
introduction of pyogenic organisms during pneumothorax refills and during 
thoracentesis for removal of serofibrinous exudate is given as an etiologic cause, 
they could find no case in which this was demonstrated. Berry (23) attributed 
the development of empyema to faulty technique in 3 of 44 empyema cases in 
which artificial pneumothorax had been administered. 

The evolution of a clear serous effusion into a tuberculous empyema has been 
noted by a number of different observers, among the first of whom were Brauer 
and Spengler (24) and Dumarest (25). Peters and Woolley (26) state that it is 
noteworthy that this evolution may take place unnoticed and that it should be 
clearly differentiated from septic empyema, especially that due to acute lung 
perforation. The writer believes that in almost all instances the evolution of a 
serous effusion into an empyema is the result of a bronchopleural fistula which 
was not discovered clinically. These are the “silent” fistulas to which reference 
has already been made. This view is shared by Pollock and Skinner (12) who 
believe that in the infrequent cases in which this occurs there is a spontaneous 
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artificial pneumothorax (duo to stretching) with the subsequent development of 
an empyema. 

4. There is no case in the series in which it could be proved that an infection of 
the pleural space occurred from without. 

5. The evolution of a clear serous effusion into an empyema in almost all in- 
stances is the result of a bronchopleural fistula which was not discovered clini- 
cally. 

6. In 180 cases (72 per cent) the artificial pneumothorax was begun within the 
first seven months of the onset of the disease. Empyema is generally an early 
complication of the therapy but may appear at any time as long as the collapse 
is maintained in the presence of an open cavity. 

7. In none of the cases in this series was there evidence of the rupture of an 
empyema into the lung parenchyma. 

S. Empyema necessitatis was a complication in thirty-two (9.7 per cent) of 
the cases. In all but 4 instances they developed in cases of artificial pneumo- 
thorax. 


SU-MARIO Y CONCLUSIONES 

El Empiema como Complication de la Tuberculosis Pulmonar CrSnica 

1. Entre 1,874 autopsias consecutivas de tuberculosos pulmonares crdnicos 
hubo 311 casos de empiema, o sea una incidencia de 16 por ciento. En 250 (81 
por ciento) habfa presente un neumotdrax terapdutico, y 59 (aproximadamente 
19 por ciento) correspondian a casos sin previo tratamiento, lo cual apoya la 
opinion general de que el empiema es principalmente una complicacidn del 
neumotbrax artificial. 

2. Los AA. tienen la impresion de que la causa del empiema consistfa, en cada 
caso, en una fistula broncopleural. 

3. No se observaron signos en la autopsia de la rotura (debida a estiramiento) 
de alguna adherenciaen el neumotdrax terapb utico, con la subsiguiente produccidn 
de empiema. 

4. No hay ningun caso en la serie en que pudiera demostrarse que sobrevino 
del exterior alguna infeccidn del espacio pleural. 

5. La evolucibn de un derrame seroso lfmpido en empiema en casi todos los 
casos representa el resultado de una fistula broncopleural que no se descubrib 
clinicamente. 

6. En ISO casos (72 por ciento) se inicib el neumotorax terapeutico en tbrmino 
de los primeros siete meses de la iniciacibn de la enfermedad. El empiema es 
generalmente una complicacibn temprana de la terapbutica, pero puede aparecer 
en cualquier momento en tanto que se mantenga el colapso en presencia de una 
cavema abierta. 

7. En ninguno de los casos de esta serie habia signos de la rotura de un empiema 
en el parbnquima pulmonar. 

8. El empiema necessitatis represent6 una complicacibn en treinta y dos (9.7 

por ciento) de los casos. En todos, menos 4, se presento en casos de neumot6rax 
artificial. 
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INTRODUCTION 

Despite the fairly frequent occurrence of spontaneous pneumothorax in 
pulmonary tuberculosis, relatively little has been written concerning this syn- 
drome. Omstein and Ulmar (1) in their excellent article quote Biach’s finding 
that of 91S cases of spontaneous pneumothorax, 715 were caused by pulmonary 
tuberculosis. The present study comprises 40 consecutive patients with pul- 
monary tuberculosis who developed a spontaneous pneumothorax. On the 
sendees from which this report is made the complication of spontaneous pneumo- 
thorax occurs in about 1.4 per cent of cases of pulmonary tuberculosis, as 14 
cases were detected in 1,000 patients with pulmonary tuberculosis who were 
admitted consecutively. These 40 patients of the present report were studied 
as a comparison group with a previously reported series of 63 patients with 
benign idiopathic spontaneous pneumothorax (non tuberculous) (2). 

RESULTS OF ANALYSIS OF SERIES 

Symptoms: Symptoms of spontaneous pneumothorax vary from none to a 
sharp, acute, tearing chest pain with dyspnea, cyanosis, and shock. Of the 
present group of 40 patients, 30 had sudden pain on the affected side. Since 
most of these patients were moderately ill with pulmonary tuberculosis, it is 
possible that their pain thresholds were elevated. Effort was not the cause of 
the tuberculous spontaneous pneumothorax in any patient. Thirty-one pa- 
tients had moderate to severe dyspnea, although this was not related necessarily 
to the degree of collapse of the lung. Thirty-two of the 40 patients had chronic 
cough at the time of their spontaneous pneumothorax. 

Physical signs: Physical examination revealed classical signs of pneumo- 
thorax, namely, hyper-resonance, absence of breath sounds, and diminished 
movement of the affected side of the chest. If pleural fluid was present, flatness 
was noted at the lung base posteriorly. Examination of the chest roentgeno- 
grams revealed that 37 of the 40 patients (92 per cent) had pleural adhesions. 

Fluid in pleural cavity: Eleven patients had no free pleural fluid. Six pa- 
tients had only a small amount of fluid up to the level of the diaphragm, and 
the remaining 23 patients (57 per cent) had fluid above the level of the diaphragm 
(table 1). Tins was in marked contrast to the group of benign idiopathic 
spontaneous pneumothorax patients, in which group there were only 4 cases out 

1 From the College of Medical Evangelists, Los Angeles, The White Memorial Hospital, 
Los Angeles, and the Pulmonary Diseases Service, Birmingham Veterans Administration 
Hospital, Van Nuys, California. 

- Published with the permission of the Chief Medical Director, Department of Medicine 
an burgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or conclusions drawn by the authors. 
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of So (5 per cent) with fluid above the level of the diaphragm, and in each of the 
4 the fluid was grossly bloody. 

Extent of pulmonary tuberculosis: Concerning the degree of tuberculosis, 4 had 
minimal lesions and 36 had either moderately advanced or far advanced pul- 
monary tuberculosis. Tuberculous spontaneous pneumothorax may affect 
either side with equal frequency. In this series, 17 patients had a left pneumo- 
thorax, 21 had a right pneumothorax, and two had a right spontaneous pneumo- 
thorax first, and later a left pneumothorax. Four patients had subcutaneous 
emphysema. 

Course: The patients who developed tuberculous spontaneous pneumothorax 
usually were at least moderately ill with their pulmonary disease. The sudden 
onset of a spontaneous pneumothorax, with or without fluid, added to the pa- 
tient’s respiratory embarrassment and toxemia. Fever and tachycardia were 
common. Secondary infection of the pleural fluid occurred occasionally, pre- 
sumably through a bronchopleural fistula produced by the tear of the visceral 
pleura. The pleural fluid was serous at first, but soon became more cloudy and 
thicker and of higher specific gravity. Examination of the pleural fluid often 
revealed acid-fast bacilli (10 of 16 cultures, or 63 per cent). Despite the purulent 
character of the fluid, however, other p 3 r ogens were seldom found (two of 14 
patients whose fluid was cultured). 

The ages of the 40 patients studied varied from 19 to 70 years. Eleven (2S 
per cent) of the 40 patients died while in the hospital. Death was caused by 
both the patient’s pulmonary- disease and his tuberculous spontaneous pneumo- 
thorax. The ultimate mortality rate was probably higher. This cannot be 
definitely stated since most of these patients were transferred to other tuberculous 
sanatoriums for further prolonged care. 

DISCUSSION 

Pathogensis: Spontaneous pneumothorax in pulmonary tuberculosis is usually 
secondary to subpleural caseation -with erosion and rupture of the visceral pleura. 
The site of rupture may be anywhere along the visceral pleura, probably most 
often in the upper one-third, particularly the anterior and lateral aspect. Air 
enters the pleural space and the lung on that side collapses. 

According to the literature, subcutaneous emphysema is apparently an uncom- 
mon finding. Bloomberg and LaTowsky (3) reported a case of a 41 year old 
male with pulmonary tuberculosis who had a spontaneous pneumothorax, with 
subcutaneous emphysema and cerebral air embolism. Hurrell (4) reported a 
26 year old male with extensive bilateral pulmonary tuberculosis who developed 
a left spontaneous lxemopneumothorax with subcutaneous emphysema of the 
tissues of the upper half of the chest. 

As 4 patients in the present series had subcutaneous emphysema, this com- 
plication is apparently more common than is supposed. A possible mechanism 
is a sudden tear of the parietal pleura as the result of the rush of air into the 
pleural space and sudden stretching of an adhesion anchored to the parietal 
pleura. If of sufficient force to tear the parietal pleura, the free air in the 
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pleural space dissects through the parietal pleural tear into the thoracic wall 
and subcutaneous tissue. 

Diagnosis: The diagnosis of spontaneous pneumothorax is simple if borne in 
mind. Sudden chest pain, often with dyspnea, plus the physical findings of 
pneumothorax as previously noted, indicate the correct diagnosis. The chest 
roentgenogram is helpful in verifying the degree of collapse, presence of pleural 
adhesions, and the presence and amount of pleural fluid. If the tear of the 
visceral pleura is slight, the amount of free air in the pleural space may be small 
and the patient may have no symptoms. In such instances the diagnosis^ 

TABLE 1 


Contrast of Tuberculous Spontaneous Pneumothorax and Benign Idiopathic 
Spontaneous Pneumothorax 



TUBERCULOUS SPONTANEOUS 
PNEUMOTHORAX (40 CASES) 

BENIGN IDIOPATHIC SPONTANEOUS 
PNEUMOTHORAX (85 CASES)* 

Pulmonary infiltration on 

100 per cent 

0 per cent 

chest roentgenogram 



Pleural adhesions 

92 per cent 

0 per cent 

Pleural fluid above level 
of diaphragm 

57 per cent 

1 

5 per cent (4 patients had 
grossly bloody fluid). 

Immediate hospital mor- 

28 per cent 

0 per cent 

tality rate 



Clinically ill 

Almost always. 

Not usually, and only very 
briefly (1 to 2 days). 

Fever present 

Commonly, usually pro- 
longed, and level may be 
higher (above 100°). 

If present, for only a few days, 
never more than seven days, 
and low grade (99° to 100°). 

After-care required 

Continued bed rest and treat- 
ment of pulmonary tuber- 
culosis. 

None. Patient can return to 
full activity after collapsed 
lung has re-expanded. 


* Am. J. M. Sc., April 1948, 216, 427. 


spontaneous pneumothorax can be made only by means of a routine chest 
roentgenogram. 

Contrast with benign spontaneous pneumothorax: This studj r revealed findings 
in sharp contrast to a previous review of 85 cases of benign idiopathic spontane- 
ous pneumothorax. In the latter group, pleural adhesions were not demon- 
strable on the chest film, only 5 per cent had fluid above the diaphragm (grossly 
bloody in each case), uncomplicated expansion was the rule, the mortality rate 
was zero, and the chest roentgenogram revealed no evidence of pulmonary 
infiltration. In general, the patient with benign spontaneous pneumothorax 
was not ill after the initial chest pain and dyspnea. Fever, if present at all, 
lasted only one or two days. After re-expansion, the patient with benign 

spontaneous pneumothorax could return to full activity and was completely 
well. 

Ireatmcnt: Treatment of spontaneous pneumothorax in the presence of 
pulmonary tuberculosis depends on the appreciation of the pathological mech- 
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3. The onset of spontaneous pneumothorax did not seem to be related to 
effort. 

4. Thirty-seven of the 40 patients had pleural adhesions demonstrable on 
the chest roentgenogram. 

5. Twenty-three patients had pleural fluid above the level of the diaphragm. 

6. Four patients had subcutaneous emphysema, a finding previously noted 
only rarely. 

7. The immediate hospital case mortality rate was 2S per cent. The total 
case mortality rate is probably higher as two-thirds of the patients were trans- 
ferred to other sanatoriums for further care and hence prolonged follow-up 
observation was not possible. 

8. The proper choice of treatment of tuberculous spontaneous pneumothorax 
depends upon a number of variables, such as the presence or absence of pleural 
fluid or tension pneumothorax. 

SUMARIO Y CON CLU SI ONES 

Neumotorax Espontdneo Tuberculosa 

1. Este estudio abated las histories clinicas de tuberculosos pulmonares que 
manifestaron neumotdrax espontaneo. 

2. Observdse que los sujetos se hallaban casi siempre cllnicamente enfermos 
con tuberculosis pulmonar active al presentarse el neumotorax. 

3. La iniciacidn del neumotdrax espontdneo no guardaba al parecer relacidn 
con el esfuerzo. 

4. Treinta y siete de los 40 enfermos tenian adherencias pleurales observables 
en las radiografias toracicas. 

5. Veintitrds enfermos tenian derrames pleurales mas arriba del nivel del dia- 
fragma. 

6. Cuatro enfermos tenian enfisema subcutaneo, hallazgo este raramente ob- 
servado antes de ahora. 

7. La morboletalidad hospitalaria inmediata representd 28 por ciento, pero la 
total es probablemente mayor, dado que dos terceras partes de los enfermos 
fueron trasladados a otros sanatorios para asistencia ulterior, lo cual impidid 
prolongar la observacidn subsiguiente. 

8. La eleccidn del tratamiento mas apropiado para el neumotdrax espontaneo 
tuberculoso depende de varios factores, tales como la presencia o ausencia de 
derrame pleural o de neumotorax de tension. 
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obtained on all the patients. In addition, liver function tests were obtained in 
one patient at weekly intervals. 

Case Reports 

Case 1 : (E. D.), a 31 year old white female, with a history of a tuberculous infiltrate in the 
left upper lobe since i945, was admitted to the Montefiore Country Sanatorium on March 2, 
1948. Three months prior to entry she gave birth to a normal living child. Review of her 
serial roentgenograms revealed slight regressive changes during 1946 and 1947, and hei 
sputum had been negative for tubercle bacilli for nine months. Nevertheless, it was ap- 



Fig. 1. (E. D.) (Left) September 15, 194S. Recent exudative lesion of the left upper 
lobe before institution of aureomycin therapy. 

Fig. 2. (E. D.) (Right) December 6, 1948. Increase in infiltration in left upper lobe 
after ten weeks of aureomycin therapy. 

parent from her admission roentgenogram that she would probably require active therapy 
as the lesion appeared “soft” and contained radiolucencies suggesting breakdown. The 
patient was observed on bed rest for four months without any apparent change on repeated 
roentgenographic examinations. Her temperature was normal and sputum smears and 
cultures were negative for tubercle bacilli. In August, 194S there was an increase in cough 
and sputum and a wheeze was heard over the left upper lobe. The sputum revealed tubercle 
bacilli on smears, and roentgenographic examination (figure 1) showed extensive exudative 
progression of the lesion in the left upper lobe. Bronclioscopic examination revealed acute 
inflammation at the orifice of the left upper lobe bronchus but no ulceration or granulation. 
Aureomycin in sixth molar sodium lactate was started intravenously on September 16, 
194S. The dose was gradually increased from 300 to 600 mg. twice daily for eight days, at 
which time the intravenous route of administration was discontinued because of a low grade 
phlebitis at the sites of injection. Nausea and some drowsiness occurred during intra- 
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peripheral blood. The temperature was normal throughout the period of therapy. There 
was some reduction in cough and a decrease in sputum from 15 Gm. to 2 Gm. daily. Never- 
theless, the sputum remained positive for tubercle bacilli on direct smear. Serial roent- 
genograms of the lungs revealed only slight hardening of the peripheral portions of the 
lesion during the first seventy-five days of treatment. During the third month of tlierapj r a 
wheeze reappeared over the left upper lobe and the roentgenogram of December 16, 1918 
(figure 2) showed an increase in the exudative infiltration in the left upper lobe. Bron- 
choscopy performed on December 16, 1948 revealed for the first time the presence of granula- 
tion tissue at the orifice of the left upper lobe bronchus. 

The patient had received a total of 300 Gm. of aureomvcin over a period of 
ninety-four days. Because of the failure to respond to aureomycin and the pro- 
gression of the disease, the patient was started on a short course of streptomycin 
preliminary to the induction of a left artificial pneumothorax. 

Case 2: (D. B.), a 26 year old Negro female, was admitted to Montefiore Hospital on Oc- 
tober S, 194S with a history of cough, fever, weakness and weight loss of two months’ dura- 
tion, and a single hemoptysis two weeks prior to admission. This patient’s course is illus- 
trated in figure 3. On entry the patient had a temperature of 102° F. Dullness, 
bronchovesicular breath sounds, and rales were heard on examination over the right upper 
lobe and at the right base. The sputum was positive for tubercle bacilli on direct smear. 
The erythrocyte sedimentation rate was 90 mm. in one hour (Westergren method) and the 
blood leukocyte count was 15,750 with a shift to the left. A chest roentgenogram obtained 
October 11, 1948 (figure 4) showed an extensive pneumonic lesion of the right upper lobe 
with bronchogenic spread to the right lower lobe. The patient received aureomycin by 
mouth every four hours from the seventh to the fortieth day of treatment, in doses ranging 
from 1.5 to 4.0 Gm. a day. A total of 72 Gm. of aureomycin was employed over a period of 
thirty-four days. Some nausea, vomiting, and diarrhea were noted when the larger doses 
were administered and the patient lost several pounds in weight. Slight resorptive changes 
were noted on the chest roentgenogram (figure 5) but the spiking temperature continued 
and the sputum remained positive for tubercle bacilli on direct smear. Streptomycin 1.0 
Gm. a day was substituted for the aureomycin on the forty-second day of treatment. The 
effect was promptly apparent in the temperature curve as indicated in figure 3. The tem- 
perature returned to normal within several days. Serial roentgenograms showed some 
clearing of the lesion within fourteen days after streptomycin was started. The patient 
soon developed a sense of well-being and gained weight. Right artificial pneumothorax 
was induced on the sixty-third day of treatment. 

Case 8: (B. II.), a 30 year old Negro female, was admitted to the Montefiore Hospital on 
September 13, 194S with a history of weakness, fever, and weight loss of four weeks’ duration. 
At the time of admission the patient ’s temperature was elevated to 105°F. and she appeared 
acutely ill. Signs of consolidation over the entire right lung were elicited on physical 
examination. The sputum was positive for tubercle bacilli on direct smear; the erythro- 
cyte sediment at ion rate was 83 mm. in one hour (Westergren method); there was a moderate 
microcytic normochromic anemia; and the blood leukocyte count was elevated to 13,450 
with a shift to the left. A roentgenogram of the chest (figure 6) showed consolidation of 
the right upper lobe with an extensive exudative infiltration of the right middle and right 
lower lobes. Intravenous aureomycin in sixth molar sodium lactate, in gradually increas- 
ing doses from 300 to 1,000 mg., was administered from the first to the sixteenth day of 
treatment . This was discontinued because of a low grade phlebitis at the sites of injection 
and oral administration of the drug was substituted. During intravenous therapy, drowsi- 
ness and some confusion were noted for a brief period. The drowsiness disappeared when 
mti a venous therapy was stopped. The patient then received 4.0 Gm. of aureomycin orally 
per day in 6 doses from the seventeenth to the forty-third days and 2.0 Gm. a day from the 
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and the amount of sputum decreased; the erythrocyte sedimentation rate dropped from 88 
mm. to 33 mm. in one hour; and the temperature decreased temporarily but again rose to 
105°F. by the time the drug was discontinued. While the patient was receiving aureomycin, 
progressive excavation occurred in the right lung (figure 7) and the sputum remained posi- 
tive for tubercle bacilli. During this period spontaneous right diaphragmatic paralysis 
appeared, probably due to involvement of the phrenic nerve in the thorax by tuberculous 
mediastinal nodes. Streptomycin 1.0 Gm. per day was substituted for aureomycin on the 
sixty-sixth day of treatment with prompt decrease in fever and improvement in the pa- 
tient’s general condition (figure 8). 

Additional Studies 

The tubercle bacilli recovered from the sputum of patient E. D. prior to treat- 
ment were tested for in vitro sensitivity to aureomycin. Primary isolation of 
the bacilli on Petragnani’s medium was followed by subculture on Dubos’ liquid 
Tween-albumin medium (18). From a diffusely, actively growing 11 day old 
culture, 0.1 cc. inocula were put into a series of tubes of Dubos’ Tween-albumin 
medium which contained various concentrations of aureomycin. The tubes were 
incubated for nineteen days. Growth of the organisms was found to be in- 
hibited by concentrations of 10 and 100 y of aureomycin per cc. No inhibition 
after the first five days was observed in tubes containing one y of aureomycin 
per cc. 

Bio-assays 3 of the serum of this same patient for aureomycin revealed the 
presence of the drug in concentrations up to 8.0 y per cc. two hours after an 
intravenous dose of 400 mg. and 1.6 y three hours after an oral dose of 500 mg. 
These were the highest concentrations obtained. In patient B. H. (case 3) a 
concentration of 4.0 y per cc. of serum was obtained four hours after an oral dose 
of 700 mg. of aureomycin. 


COMMENT 


The difficulties in the evaluation of the effectiveness of new therapeutic agents 
in patients with pulmonary tuberculosis are well known. In order to preclude 
some of these difficulties in this study, patients were selected with pneumonic 
involvement, elevated temperature, and evidences of acute illness of apparently 
recent onset, or with definitely dated recent spread. One patient (D. B.) showed 
minimal regression radiographically and another (B. H.) showed progressive 
excavation during aureomycin therapy. In these 2 patients the high fever per- 
sisted and the decrease in the severity of the illness was not disproportionate to 
what might be expected from bed rest alone. The prompt and striking improve- 
ment in these patients when streptomycin was used illustrated that the disease 
could be effectively treated by an antibiotic. In patient E. D. therapy was di- 
rected against a new exudative infiltrate and an early bronchial lesion. Pro- 
gression of both the parenchymal and the bronchial disease was demonstrated 
during the patient’s third month on aureomycin treatment. With streptomycin 
this is an extremely rare occurrence unless drug-fastness has developed. 

The toxic manifestations of aureomycin when given orally for a prolonged 


’ Bb-nssnye were performed by Mr. A. G. Dornbush of the Ledcrle Laboratories, using 
ie tube dilution method and astrain of B. ccrcus known as Bacillus No. 5 (3). 
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ules or other types of lesions were eliminated. It is felt that the cavity cases 
would be more likely to infect contacts. 

Examinations of the sputum for coccidioidal spherules prior to the return of 
the veterans to their families were reported negative in 3 of the cavity cases. No 
record of the sputum findings is obtainable in the remaining 3 cavity cases. 

Coccidioidal spherules are not readily recovered from sputum in cases of 
pulmonary coccidioidomycosis. In 225 cases studied by C. E. Smith 3 the fungus 

TABLE 1 


Results of Study of Contacts of Cases of Cavitary Coccidioidomycosis 


CASES 

TYPE OP DISEASE 

CONTACT 

DOTATION 

OF 

CONTACT 


CHEST ROENTGEN- 
OGRAM OF CONTACT 




months 



Case 1 

Coccidioidal 

Wife — Age 25 

30 

Negative 

Negative 


cavity 

Brother — Age 23 

30 

Negative 

Negative 

Case 2 

Coccidioidal 

cavity 

Wife — Age 21 

24 

Negative 

Negative 

Case 3 

Disseminated 
coccidioido- 
mycosis 
(skin, luDg) 

Wife — Age 27 

6 

Negative 

Not done 

Case 4 

Coccidioidal 

Sister— Age 34 

32 

Negative 

Not done 


cavity 

Brother in-law — Age 39 
Nephew — Age 3 

32 

32 

Negative 

Negative 

Not done 
Not done 

Case 5 

Coccidioidal 

Wife — Age 29 

41 

Negative 

Negative 


cavity 

Son — Age 3 

Daughter — Age 4 

41 

41 

Negative 

Negative 

Negative 

Negative 

Case 6 

Coccidioidal 

cavity 

Wife— Age 23 

60 

Negative 

Negative 

Case 7 

Coccidioidal 

cavity 

Daughter — Age 2J 

24 

Negative 

Negative 


was recovered from only 42 per cent of the cases. These cases were studied in 
the early stages of infection when the fungus can more readily be demonstrated. 

In addition to the cavity cases, a contact to a case of disseminated disease was 
studied. . For obvious reasons, only contacts who had never been in the coccidioi- 
domycosis endemic area were selected for study. All contacts received an intra- 
dermal skin test using 0.1 cc. of 1:100 dilution of potent coccidioidin obtained 

from Dr. C. E. Smith of Stanford University and, where possible, a roentgen film 
of the chest. 


3 Smith, C. 
(“San Joaquin 


E.: Epidemiology of acute coccidioidomycosis with erythema nodosum 
” or “Valley Fever"), Am. J. Pub. Health, 1940, SO, 600. 











































634 


" ™ beh Ke 

, en —a tacts of a « ■ " ft cltsj 

s^Ct-s? ^sss a S"- &-£* 

^“SSSPSSSf^ 

™£?~ *-"'■. - ., 

ssHs^-ttsr - 'I " •“**— • 

■ -t ft ^et^t C ° ntaCts ^ £e£^ j*" -«acts were „ 

• ^ f“-' 

&%a c? e / Contani. Sxn *ARio 

SlSil^!?'-"'"-=s 

Smith^tog? PaP6r n ' as submitted Addend »m 

- c e 

S ’ T lcse contact 



COCCIDIOIDOMYCOSIS CONTACTS 


635 


Acknowledgement 

The authors wish to acknowledge the assistance of the Bureau of Tuberculosis, Dr. 
Arthur B. Robins, Director, New York City Department of Health, in performing some 
of the examinations of the contacts in this study. 

REFERENCES 

(1) Melenet, II. E.: Coccidioidomycosis: Public health implication of tropical and im- 

ported diseases, Am. J. Pub. Health, 1944, S.f, 20. 

(2) Smith, C. E.: Coccidioidomycosis, M. Clin. North America, 1943, 27, 790. 

(3) Winn, W. A.: Pulmonary cavitation associated with coccidioidal infection, Arch. Int. 

Med., 1941, 68, 1179. 

(4) Rosenthal, S. R., and Routibn, J. B.: Infectiousness of coccidioidomycosis, Science, 

194G, 104, 479. 

(5) Rosenthal, S. R., and Routibn, J. B.: Contagiousness of coccidioidomycosis: An 

experimental study, Arch. Int. Med., 1947, SO, 343. 

(G) Bass, H. E., Schomer, A., and Berke, R.: Coccidioidomycosis: Persistence of residual 
pulmonary lesions, Arch. Int. Med. (To be published). 

(7) Smith, C. E., Whiting, E. G., Baker, E. E., Rosengerger, II. G., Beard, R. R., 
and Saito, M. T.: The use of coceidioidin, Am. Rev. Tubcrc., 1948, 67, 330. 


♦Smith, C. E., Beard, R. R., and Saito, M. T.: Pathogenesis of coccidioidomycosis 
with special reference to pulmonary cavitation, Ann. Int. Med., 194S, 29, G23. 



“won*.,,;® "■» srasmw, m 

BeWrt «f a Case 

D ^IEL W . ZAm 

(deceived f or nilM . 

ejv. '“ t,MM “3-7,,8 ffl) 

s a r esujfc of exf . . INTR 0 D tTCTX 07 >r 

°“ed with the U , p'^^tigatio. . °" 

ter elaborated ^ r '^ " S su 86<Btio,)„, ‘ the ™d stage of ,V ! 10usin *otion 

£2. afeto p'«S.-^ ed <* 

a»3S5£ 

scIl0 °J children j n J % and tuberculin fl PeK5isfce ut Pui mon has b( *n cleari^ 

pST *** *od u ,^ ^ ^Crf 

*«5;;s «oh ^zz^t^^oZi ‘ w °‘S*o/*y °” g 

® f o t^Sdetf ?? C?f' 

'■>0(1 Surgerj. y - ' Permission of tjj e p, . °° of ^ecficino n° n So3 l»tal 

•*— - oofe^'-'^So S f *»> doctor D nr - C °‘° : 

° by ti « “‘lor. roae^S^® of Medicine 

636 th ° Unions 



HISTOPLASMIN SENSITIVITY WITH PULMONARY INFILTRATION 


637 


overemphasized. Such lesions, if not carefully investigated and studied, may 
lead to an erroneous diagnosis of tuberculosis. Such a case is described below. 

CASE REPORT 

A twenty six year old white male veteran was admitted to the Tuberculosis Section, 
Veterans Administration Hospital, Fort Logan, Colorado, on July 24, 1947 with a diagnosis 
of active minimal pulmonary tuberculosis. 

In October, 1946 the patient sought employment with a large corporation in Dayton, 
Ohio. A routine pre-employment chest film revealed bilateral upper lobe disease, minimal 
in extent. He was told that he had tuberculosis and that he should seek hospitalization . 
This advice was ignored, and in June, 1947, the patient prepared to enter a university. 
Routine stereoscopic photofluorograms again revealed pulmonaiy disease and hospitali- 
zation was advised. 

On admission to the hospital, no symptoms referable to the respiratory system were 
elicited. The past history included pertussis, followed by a moderately severe episode of 
pneumonia at the age of S. Scarlet fever, without sequelae, occurred at the age of 23. 
System review was entirely negative. 

The patient’s geographical history was as follows: He was born in Springfield, Ohio, 
where he remained until the age of 12. He lived in Cincinnati, Ohio, from the age of 12 to 
24. He lived in Dayton, Ohio, for one year and then entered the Navy in 1943. He spent 
four months at Great Lakes, Illinois, four months in Gulfport, Mississippi, nine months 
in Chicago, Illinois, two months in New York City, eight months on duty in the Atlantic 
and Caribbean waters, one month in San Diego, California, and eight months in the Pacific 
and Hawaiian waters. He was separated from the Service in Chicago, Illinois, in April, 
1946. Since that date, he has spent one year in Dayton, Ohio, and five months in Colorado. 

Physical examination revealed the following: height, 5 'Si" ; average weight, 150 pounds; 
present weight, 150 pounds; and temperature, 9S.6°F. The patient was a well developed 
and well nourished white male who did not appear to be acutely or chronically ill. He was 
not dyspneic, cyanotic, or jaundiced. Examination of the head and neck revealed no ab- 
normalities. The pupils were equal and regular and reacted to light and accommodation. 
The sclerae and conjunctivae were normal. External occular movements were normal. 
Funduscopic examination revealed no abnormalities. Ear, nose, and throat examination 
was normal. The gag reflex was present and the teeth were in good repair. Examination 
of the chest showed a normal thoracic cage. Respiratory movements were equal and sym- 
metrical. The lungs were clear; no rales were noted. The heart was not enlarged. The 
cardiac rhythm was regular and no murmurs were detected. The pulse was SO per minute 
and the blood pressure in mm. of mercury was 120 systolic and 78 diastolic. The abdomen 
was soft and no masses were palpable. The liver, spleen, and kidneys were not clinically 
enlarged. The genitals were normal. Rectal examination revealed no abnormalities. 
Ihe prostate was normal in size, shape, and consistency. Neurological examination was 
grossly normal. No lymphadenopntliy was noted. 

Laboratory data were as follows: RBC 5.64 million, hemoglobin 15 Gm., WBC 10,300, 
neutrophils 57, lymphocytes 39, monocytes 3, eosinophils 1 . The erythrocyte sedimentation 
rate was 4 mm. per hour (Wintrobe). A blood Kahn test for syphilis was negative. Uri- 
nalysis was normal. 

The following skin tests were performed - 
July 30, 1947: 

Second strength tuberculin, 0.005 mg. Negative reaction (purified protein derivative) 
Coccidioidin, 1:100 Doubtful reaction 
Histoplasmin, 1:100 2+ reaction 
September 1, 1947: 

Old Tuberculin, 0.1 mg. Negative reaction 
September 5, 1947 : **1 



03S 


s°. u W 


Meinb ei . l7 


c U till 


1.0 




' m z- X CS;il . 
* St °PW,: J ; i0 ° AW,/ J ’ °-005 


IK. 




Ke j 


ea et/, 


0)) 




Bl fl 




aft 


tCa cti, 


e eati v , 


er 




I Oil 


e ! ' 0 : 


' lc fa'o/i 


(/Hu- 


tied 


Ca Psm, 


0l Sht 


atii n , 


"'Og/c; 


fcs* 


s Put, 


' e e>tfvi 


i«-0f 


c »ftUA 


u«l 


■Off/ 


»n 

S/.Y 


e *ctn 


oil > dor 


on 


Stem,, 1 A.v,, a,v Sn sfl , 

’^Pni-edl 3tlntr °''’ ■ ~ C " ltl »-o .. 1;U '°n.s 


>V; divc) 


■Hid 


_ v to* *£2 







” Sft Wo"' 2 ' • b" 0 - 

«4, "I:;;- 




"Oil- J 


-•to 


• i?/G - J'i /r 
v,s ibl G • ' ; ^eftj c 

-So ,2?^ o/ «, e _ . 1 ,,odtl ^ a ^£:t ^ 




y^tndt 


sis 


r/,S G-i.S'c • 



77, 


;icf ei\ 'e / es , 0f} 








, “°Sati Vo , 

°"° '»»« 


'« f/l, 


0 f 


’’■' f 7i.., 

fir. 


f/ie /,V st »?>a 







° x c.i v, f, J1 11 tct ’iov ; 
l run n, °n. p‘ 


m 6 , tli y-. For 


.. 77ip So 

'<7er. 


■„ //«o, 


!>c, 'Pl>oJ 1>0S( 'nt 


OSO/jp 


c, j- or 


u Jo 


0s Pit;d 


,F< 


"oc or / 


°'-< L, 


1. ’ ('ll, of „r / - P ,; >n, s 


Co/o n-u/ 0 , "* or ^ 


'l/jo/’j 


? O/'i. Q 



HISTOPLASMIN SENSITIVITY WITH PULMONARY INFILTRATION 


639 


at Fort Logan revealed that a definite degree of absorption had occurred in the right upper 
lobe lesion in the nine month interval between the two sets of films. Not only had this 
density become smaller, but it had also assumed a more productive character. The same 
was true, to a less extent, of the left-sided lesion (figures 2a and 2b). In view of these 
changes, it was considered that the lesions certainly were active in October, 1946 and had 


i 



Fig. lb. (Upper) Enlargement of lesion in right first anterior interspace revealing its 
soft character. 

Fig. 2b. (Lower) Enlargement of lesion in right first anterior interspace. The nodular 
character of the disease is well visualized. 


'egressed at the time of admission. Subsequent serial chest films taken at monthly in- 
tervals up to December, 1947 have revealed no change in the extent of the disease but the 
esion in the right first anterior interspace appears to have become even harder and more 
fibrotic in character. 

The patient’s hospital course was entirely uneventful. He was asymptomatic and 
a ebiilo throughout. He was placed on strict bed rest on the assumption that his disease 
" as tuberculous in origin. As soon as subsequent studies revealed that such a diagnosis 
V as untenable, however , this rigid regimen was abandoned. 
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Because of the doubtful coccidioidin skin reaction, coccidioidal serological studies were 
performed on October 27, 1947. Both the precipitin and complement fixation tests were 
entirely negative. In November, 1947 histoplasmin and blastomvcin serological studies 
were also performed. The histoplasmin complement fixation test, was negative and the 
blastomycin complement fixation reaction was so slight as to be called negative. 

COMMENT 

This case meets the three criteria established by Furcolow, cl al. (7) for possible 
subclinical cases of histoplasmosis: (1) the individual has skin sensitivity to histo- 
plasmin but not to tuberculin; (2) the lesion must persist at least two months; 
and (S) laboratory and clinical examinations exclude the presence of tuberculosis 
and other conditions such as sarcoidosis or Hodgkin’s disease. 

The failure to isolate tubercle bacilli on repeated attempts, coupled with the 
persistent tuberculin anergy in the presence of an active lesion (admittedly regres- 
sive), make it difficult to label this patient’s pulmonary disease as tuberculosis. 
Houck (10) in an editorial comment emphasized the recent concept that histo- 
plasmosis, instead of being a rare and fatal disease, may be a common and benign 
infection occurring in a large part of the population of some areas in the Middle 
West. He stressed the importance of considering the patient’s history of resi- 
dence in endemic areas and the use of appropriate skin tests in the im r estigation 
of pulmonary lesions. The reaction to histoplasmin and the long period of resi- 
dence in what may be termed an endemic area (Ohio) lend support to the belief 
that this case may represent such a benign type of histoplasmosis as is postulated 
by Houck. 

As noted above, the histoplasmin complement fixation test on this patient’s 
serum was negative. The exact significance of this procedure as a diagnostic 
measure remains undetermined. The studies of Furcolow and his associates at 
Kansas City are expected to shed some light on this question. It may be stated 
Avith some degree of confidence, however, that negative serological studies do not 
necessarily eliminate histoplasma as the etiological agent . Some support for this 
statement may be obtained from the experience with serological studies in coc- 
cidioidal infections. In quiescent coccidioidal lesions (with normal erythrocyte 
sedimentation rates), the complement fixation tests are usually negative (1). 
If these findings may be transferred to the field of histoplasmotic infections, sero- 
logical studies in the regressive lesions, as illustrated by this case, would also be 
•expected to yield negative results. 

The question of the further management of such a case merits some discussion. 
There can be little argument with the view that during the period of investigation 
the case should be treated as one of tuberculosis. The value of strict bed rest in 
minimal tuberculosis has been adequately demonstrated by Ambcrson (11), and 
such a regimen should be immediately instituted. However, when the diagnosis 
of tuberculosis is shown to be in error by the negative results of skin tests and the 
failure to obtain tubercle bacilli in sputum and gastric washings by culture and/or 
guinea pig inoculation, it would appear that such a rigid therapeutic schedule is 
no longer required. Admittedly, the entire picture of the entity “benign histo- 
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plasmosis” has not yet been fully observed and, accordingly, definitive state- 
ments regarding therapy cannot be made. The supposition that these cases 
require little or no treatment has no basis in fact, however, and conceivably could 
lead to serious harm. The tendency following the exclusion of tuberculosis as a 
diagnosis is to allow the patient unrestricted activity. This conclusion is natur- 
ally drawn from the investigations emphasizing the close correlation between 
histoplasmin sensitivity and pulmonary calcification (2, 3, 4 and 5). The in- 
nocuousness of “benign histoplasmosis” has been emphasized by Houck (10). 
The excellent observations, however, of Sontag and Allen (8) on 170 normal 
southwestern Ohio children sounds a note of caution. While none of their histo- 
plasmin-positive children who exhibited pulmonary lesions presented symptoms 
comparable to those seen in cases of proved histoplasmosis, the serial growth data 
and illness histories of these children strongly suggest that the growth progress 
and health pattern may be significantly different from the negative histoplasmin 
reactors. In the light of these observations, it would appear that at the very 
least these patients should be closely observed and followed with serial clinical 
laboratory and roentgenograplhc studies. 


SUMMARY 

A case of pulmonary infiltration with tuberculin anergy and histoplasmin sensi- 
tivity is reported. The possibility of such a case representing an instance of 
“benign histoplasmosis” is discussed. The danger of confusing such cases with 
tuberculosis is emphasized and the broad aspects of management of such a case 
are reviewed. 


SUMARIO 

Infiltration Pubnonar Asociada a Scnsibilidad a la Ilistoplasmma 

Comunicase un caso de infiltration pulmonar con anergia tuberculinica y 
sensibilidad a la histoplasmina, discutitiidose la posibilidad de que represente un 
caso de “histoplasmosis benigna.” Recalcase el peligro que entrana la confusion 
de esos casos con tuberculosis y repasase, a grandes trazos, la asistencia de los 
mismos. 

Acknowledgments 

The coccidioidin employed in this case was supplied by Dr. Charles E. Smith of Stanford 
University, California, who also performed the coccidioidal serological studies. 

Di. M. L. Furcolow of the United States Public Health Service, Kansas City, Kansas, 
peifoimed the histoplasmin and blastomycin complement fixation tests and supplied the 
blastomycin for skin testing. ' - 

The histoplasmin skin reagent was supplied by Dr. J. C. Peterson of Vanderbilt Uni- 
versity, Nashville, Tennessee. 

It is a pleasure to express my deep appreciation to these workers for their cordial cooper- 
ation. 

REFERENCES 

(1) Smith, C. E.: Coccidioidomycosis, M. Clin. North America, 1943, 27, 790. 

a 1 *mer, C. E.: Nontuberculous pulmonary calcification and sensitivity to histo- 
plasmin, Pub. Health Rep., 1945, 00, 513. 


642 


- °-3Ss£S? :iir- 

f) -W'^"* ** ''“7!tl»v'en»r»^ 

ro b.H» s „ A1.1.6S. I- , so,®'- E . pap»rt« 1 ' 1 l9 i7 (to MV 

1 sto “T£-. i?mco '' 0 ' »&>*. « te, " ,c .,^ t o»,«.«“-. tA . ««. 

» “-wi* ^“ ia " 0 " JAJ - " 

.. (WW-*» "JSS »' o«'"' O"’'" 0 

(10 ) HOUCK, G.» . TheHsUng 

cS *-ST«3i. 



A CORRELATED STUDY OF TUBERCULIN, HISTOPLASMIN AND 
COCCIDIOIDIN SENSITIVITIES WITH PULMONARY CAL- 
CIFICATIONS IN THE ROCKY MOUNTAIN AREA 1 ' 2 

W. IC. ABSHER and F. CLINE, JR. 

(Received for publication November 22, 194S) 

INTRODUCTION 

During and since the years of World War II, rather extensive investigative 
studies have been undertaken concerning the etiologic factors responsible for 
multiple pulmonary calcifications. The results have cast doubt upon the earlier 
concept that all multiple lung and hilar calcifications are tuberculous in origin. 
It now appears that fungus infections may play a significant role in the produc- 
tion of these calcifications and a considerable number of cases have been shown 
to be associated with histoplasmin skin sensitivity. The chronological develop- 
ment of this subject has been thoroughly reviewed during the past few years by 
several authors (1, 2, 3, II, 12) and its repetition seems hardly necessary at this 
time. 

One of the most significant contributions has been that of Sontag and Allen 
(13) in their study of Ohio school children. These observers noted the presence 
of soft precalcific infiltrates in histoplasmin reactors and found the characteristics 
of these infiltrates to be similar in every detail to those of tuberculous lesions. 

It follows then that physicians should be keenly cognizant of these observa- 
tions lest they err in their evaluation of such pulmonary lesions. These implica- 
tions are especially important today with the mass roentgenographic screening 
of population groups, projects which will undoubtedly uncover increasing num- 
bers of nontuberculous lesions. 

The above studies suggest that a condition such as nonfatal Histoplasma cap- 
sulatum infection may exist; however, all investigators stress the fact that this 
entity occurs only in a relatively small endemic section of the country, namely, 
the East Central States. Ferebee (5) has recently commented that in some geo- 
graphic areas such as Colorado it is rare to find a native who reacts to histoplas- 
min. Therefore, on first thought it would appear that the problem is of no prac- 
tical concern to the physician of the Rocky Mountain Area. The fallacy'- of such 
thinking, however, was quickly and forcibly illustrated to the writers when they 
were confronted with a case (16) diagnosed roentgenographically as active mini- 
nal pulmonary tuberculosis. 

Briefly, this patient came from Dayton, Ohio (in the endemic area). His skin 
reactions were repeatedly negative to purified proteid derivative (PPD), 0.0005 

1 From the Tuberculosis Section, Medical and Radiological Services, Veterans Admin- 
istration Hospital, Fort Logan, Colorado. 

- Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions ex- 
pressed or conclusions drawn by the author. 
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one with positive reactions to all three antigens (T+ H+ C+). In other words, 
as far as this study is concerned, neither tuberculosis nor histoplasmosis has 
played a dominant role in the production of pulmonary calcifications. 

Of this group of 1,000 cases, only 322 could be classified as native Coloradians; 
that is, they had spent five-sixths of their lives within the state of Colorado (Pal- 
mer’s criterion (10) in his original geographic survey). The significant feature 
is that 40 (12.4 per cent) of these so classified natives reacted to histoplasmin. 
This is considerably lower than the figure for the group as a whole, which was 

TABLE 1 


Positive Reactions to Antigens in Survey of 1 ,000 Subjects 



NUMBER OF POSITIVE 
REACTORS 

PER CENT POSITIVE 

Tuberculin (0.0005 mg. PPD) 

55S 

55. S 

Histoplasmin 1:100 

226 

22.6 

Coccidioidin 1:100 

65 

6.5 



TABLE 2 

Results of Skin Tests in 1,000 Subjects 



NUMBER OF CASES 

PER CENT OF CASES 

T+ H- C- 

404 

40.4 

T- H- C~ 

34S 

34.8 

T+ H+ C- 

110 

11.0 

T- H+ O- 

73 

7.3 

T+ H+ C+ 

30 

3.0 

T+ H- C+ 

14 

1.4 

T- H+ C+ 

13 

1.3 

T- H- C+ 

S 

.8 


T = Purified Protein Derivative, 0.0005 mg. 
H = Histoplasmin, 1:100. 

C = Coccidioidin, 1:100. 


22.6 per cent, but is much higher than Palmer’s (10) original figure of less than 
1 per cent for Colorado nurses. A more detailed study of the geographic history of 
these 40 individuals in the present series, however, revealed that 27 had lived for one 
or more years within the endemic area of the East Central states. Thus their 
reaction to histoplasmin could possibly be accounted for by residence in other 
states and only 13 (4 per cent) remained unexplained on a geographic basis. 

DISCUSSION 

1 his roentgenographic and skin testing survey of 1,000 cases has served to con- 
firm fully the previous findings of the U. S. Public Health Service investigators 
(1> o, 6, 7, 8, 10), namely, that the Rocky Mountain region is not an endemic 
area for the so-called benign type of histoplasmosis. Nevertheless, the large 
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An additional observation in this series was that hilar calcifications, parenchy- 
mal calcifications (less than 10), or combinations of the two, occurred in 2-1 indi- 
viduals who did not react to any of the three antigens. Long (9) has observed 
that, of 2,-190 eases, 11 per cent lost their sensitivity to tuberculin during a ten 
year period. Thus there exists the possibility that sensitivity to histoplasmin 
and eoeeidioidin may behave in a similar manner. Evaluation of these 2-i non- 
reactors who revealed evidence of previous pulmonary disease is difficult. It- 
would appear to be the consensus of opinion that, from a diagnostic viewpoint at, 
least, a negative tuberculin test, rules out the existence of tuberculosis. Wood- 
ruff (15) has stated, “A patient anergic to tuberculin, who is not acutely ill, 
almost certainly does not have clinical tuberculosis.” Sweeny (1-1) has re- 
marked, “The absence of tuberculous disease is almost certain in uncomplicated 
cases negative to 1 : 1,000 dilution of OT.” 

Physical examination of these 21 nonreactors revealed no evidence of other 
diseases, conditions, or metabolic disturbances which, according to Riley (12), 
are also capable of producing pulmonic calcifications. 

With these facts at hand, it would seem that serious consideration should be 
given to the possibility that there exists vet another unrecognized causative 
agent or factor capable of producing hilar and/or parenchymal calcifications. 

SUMMARY 

1. A roentgenographic and skin testing survey of 1,000 cases from the Rooky 
Mountain Area relative to the problem of multiple pulmonary calcifications has 
been reported. 

2. The survey revealed that -104 (-10.-1 per cent) of the individuals tested 
reacted to tuberculin alone and, of these, 14 showed multiple pulmonary calcifi- 
cations; 73 (7.3 per cent) reacted to histoplasmin alone, of whom S showed mul- 
tiple pulmonary calcifications; 1 10 (1 1 per cent) reacted to both histoplasmin and 
tuberculin, and in this group 1(3 showed multiple pulmonary calcifications. 

3. Twenty-four cases of hilar and/or parenchymal calcifications were noted in 
individuals reacting negatively to all antigens. 

4. Observations in the survey confirm the findings of the U. S. Public Health 
Service investigators, namely, that the Rocky Mountain Area is not endemic for 
the so-called benign histoplasmosis. 

5. In this series, no diagnostic pattern or distribution of pulmonary calcifica- 
tions was noted in either tuberculin-positive or histoplnsmin-positive individuals. 

6. The fact that “halo” type pulmonary calcifications are not limited to histo- 
plasmin-sensitive individuals was noted. 

SUMARIO 

Eslxtcho Correlalivo dc las Scnsibilidadcs a la Tubcrculina, la Histoplasmina y la 
Coccidiouhna con las Calcificacioncs Puhnonarcs cn la Region 
dc las Motitanas Rocasas 

1. Este estudio radiografico y cutirreactor comprendio 1,000 personas de la 
jona de las Montanas Rocosas con respecto al problema de las calcificaciones 
pulmonares multiples. 
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nosed. They conclude that tuberculous pericarditis is a rare complication of 
tuberculosis and carries a grave prognosis. 

Keefer (2) subdivided Ids cases into the following groups: 

(1) patients with symptoms and signs of a wasting disease and obscure fever; 

(2) patients with symptoms and signs suggesting congestive heart failure; 

(S) patients with symptoms and signs of multiple serous membrane tuberculosis; 

(4) patients with symptoms and signs of massive pericardial effusion; and 
(o) patients with symptoms and signs of miliary tuberculosis. 

The course of the disease runs in three stages (10): sero fibrinous exudate; peri- 
cardial thickening and effusion; and the development of extensive adhesions 
confining the expansion of the heart. The average duration of the disease from 
the onset of symptoms until termination was three months (two to four months 
in Keefer’s series (2) and three and seven-tenths months in Harvey and White- 
hall’s (3) series). 

The poor prognosis in the older patients is associated with the inability of the 
cardiovascular system to cope with its added burden, while in the younger cases 
the frequency of development of other serious tuberculous lesions is responsible 
(3). 

Especially in young people, tuberculous pericarditis with effusion must be 
differentiated from rheumatic pericarditis with effusion. Bellet ct al. (12) noted 
the importance of finding the tubercle bacillus in the pericardial fluid, the ab- 
sence of cardiac murmurs, and the demonstration of a small heart after the pro- 
duction of a pneumopericardium. 

The following case is reported as it represents an apparently complete recovery 
from tuberculous pericarditis with effusion. 

CASE REPORT 

AY. M., an IS year old white male, was admitted to the Swedish Hospital (service of the 
late Dr. James Pullman) on August 4, 1936 complaining of pain in the chest and left 
shoulder, fever, and sweating. 

In March, 1936 the patient had had a right pleural effusion. He was in bed for three 
weeks during which time his chest was tapped by one of us (J. A. C.) and about 2,000 cc. 
of fluid removed. 

On July 29 the patient complained of suprasternal pain. He remained at home for the 
next two days, but on August 1 he went to the beach. The next day he complained of pain 
in the left chest which radiated to the axilla and the left shoulder. On August 4, because of 
an increase in the severity of the pain, fever, and rapid pulse he was hospitalized. Physi- 
cal examination on admission to the hospital revealed an acutely ill young white male with 
a temperature of 104°F., a pulse rate of 130 and respirations of 40 per minute. On percussion 
the left anterior chest was dull from the third rib to the base. In the axilla the dullness 
merged with cardiac dullness. The breath sounds were diminished. The right chest was 
dull on percussion from the sixth rib to the base with diminished breath sounds. Pos- 
teriorly the left chest was dull at the base with diminished breath sounds. The right chest 
was flat posteriorly with absent breath sounds. 

The left border of the heart could not be outlined by percussion as it merged with axillary 
dullness. The cardiohepatic angle was not diminished. Over the precordium the heart 
sounds were diminished and were best heard over the fourth costochondral junction. A 
systolic murmur was present. 
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Roentgenographic examination on the day of admission revealed that the trachea was 
in the midline and the heart enlarged in both borders. A pericardial effusion was present. 
The left diaphragm and the left lung were normal. The right diaphragm was not well 
outlined. There was an effusion of the right lower pleural cavity but the right lung was 
normal. 

On admission the erythrocytes were 4,500,000 per cu. mm., the hemoglobin was 75 per 
cent of normal, the total leukocyte count was 11,700 per cu. mm. with 87 per cent neutrophils. 
Examination of the urine revealed no abnormalities. 

During the next few days the patient’s condition remained unchanged. Morphine was 
given for pain and restlessness. He became cyanotic though dyspnea was moderate. On 
August 5, a friction rub was heard over the fourth left costochrondral junction. The 
following day cyanosis was marked and there was some precordial pain. His pulse was 
irregular and of small volume. The friction rub was now heard over the entire precordium. 
There was slight venous distention, especially of the jugular veins. The dullness in the 
left axilla had diminished while the findings in the right chest were unchanged. A peri- 
cardial paracentesis was done and 225 cc. of serosanguineous fluid were removed. 

During the next five days the patient remained seriously ill with fever (104°F.), auricular 
fibrillation, venous distension, cyanosis, and dyspnea. Six hundred cc. of straw-colored 
fluid were removed from the pericardial cavity on August eleventh. Examination of smear 
of the fluid was negative for acid-fast bacilli. A guinea pig was inoculated with the fluid. 
On October 10 the guinea pig was opened and examined by Dr. Leo Meyer. He reported 


Fig. 1. Chest roentgenogram taken August 3, 1936. The cardiac shadow is markedly 
enlarged in all directions. It is rounded, it has lost its normal border contours and has a 
configuration characteristic of pericardial effusion. There also is an effusion in the right 
pleural space, fluid reaching up to the level of the fourth rib and axilla, separating the 
parietal and visceral pleura and extending into the interlobar fissure between the right 
lower and middle lobes. The outer third of the right diaphragm is elevated and fixed. 

Fig. 2. Roentgenogram obtained on October 7, 1944 show’s that the cardiac contour 
has decreased greatly in size. The protrusion of the right cardiac border is gone. Tne 
right cardiac contour is normal. The left cardiac border still show’s some elongation, as 
by a fixed pericardiopleural or mediastinopleural adhesive pleurisy, but the total size of 
the heart shadow’ has returned to approximately normal. The right diaphragm remains 
elevated and fixed in its outer margin. The right parietovisceral pleura are separated and 
thickened. There also are some fibro -proliferative changes now’ evident in the left low’er 
lung field. 

Fig. 3. Roentgenographic examination of the heart and lungs (December 1, 1947) in 
the postcro-anterior, lateral and right and left oblique projections shows the following 
findings: 

Ihc cardiac shadow shows elongation of its left border in the oblique projections. There 
is an obliterative adhesive pleurisy involving the right diaphragm and the right axillary 
area. The parietovisceral pleural space in each axilla has been obliterated. The right 
diaphragm is elevated and fixed in its outer third. The left diaphragm is also partially 
fixed. There are dense basilar mediastinal pleural adhesions and there is a thickening and 
irregular calcification of the pleura postero-laterally in the low'er third of the left chest. 
1 he parietovisceral space in the left chest has been obliterated by thickening of the pleura. 

In view of the history of a previous tuberculous pleurisy, mediastinitis and pericarditis, 
these diffuse thickenings of the pleura probably represent the obliterative end stage of a tu- 
berculous pleurisy. The calcific deposit within the pleura further bears this out. Judging 
b\ the present findings, the process has involved the pleural areas in each hemi-thorax 
the mediastinal pleura and the pericardial pleura. 

There is no evidence of parenchymal tuberculous deposit other than an occasional small, 
well-calcified primary focus. 
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as shown by the complete disappearance of sjunptoms, and the cardiac silhouette 
decreased in size. Eleven months after streptomycin treatment the patient was 
still asymptomatic, had negative cultures, and was ambulatory at home. The 
cardiac silhouette was still slightly larger than normal. Meredith (11) reports 
the case of a Negro male aged 17 years who was febrile and had proved tubercu- 
losis of the lymph nodes. A large pericardial effusion was tapped but tubercle 
bacilli were not recovered. After streptomycin was started (200 mg. every three 
hours for 33 days) there was marked improvement. The patient became afebrile, 
gained weight, and the cardiac silhouette decreased in size. Three months after 
streptomycin therapy the patient was feeling very well, although he was still in 
a sanatorium for treatment of his pulmonary tuberculosis. 

The present report is concerned with 3 patients with tuberculous pericarditis 
who received streptomycin as part of their treatment. 

The first case is that of a middle aged white male physician who had an acute 
tuberculous pericardial effusion followed in a few months by chronic constrictive 
pericarditis for which he was surgically treated. One year later he was in excel- 
lent health. The other two cases are of Negro youths. One (case 2) made a 
clinical recoveiy but there persists a markedfy thickened, though asymptomatic, 
pericardium. The other patient (case 3) developed a pericardial effusion which 
later completely reabsorbed without apparent significant residual except for an 
abnormal electrocardiogram. The amounts of streptomycin used in the three 
cases were: 7.5 Gm. in 13 daj r s; 120 Gm. in 120 days; and 42 Gm. in 42 days, re- 
spectively. In cases 1 and 2 tubercle bacilli were cultured from the pericardial 
fluid. In case 3 no aspiration was done and therefore the diagnosis of tuberculous 
pericarditis, though probable, was not proved. None of these patients showed 
:.ny toxic symptoms from the streptomycin treatment. 

CASE REPORTS 

Case 1: A regular army physician, 59 years of age, suddenly became ill in October, 1945 
with malaise, fever, and weakness following a mild upper respiratory infection. The 
diagnosis was left basal pneumonia. In two weeks he was afebrile and ambulatory but 
after three days his fever recurred. Penicillin and sulfonamides were now without benefit. 
In December, 1945 he was admitted to Letterman General Hospital where a diagnosis of 
pericardial effusion was made on the basis of increased cardiac dullness, faint heart sounds, 
distended jugular veins, and a liver enlarged downwards 3 cm. below the right costal mar- 
gin. Paradoxical pulse was present, blood pressure was 120 systolic and SO diastolic, venous 
pressure (antecubital) 177 nun. water. The total leukocyte count was 10,000 per cu. mm. 
with 74 per cent segmented cells. His pericardial sac was tapped and straw-colored fluid 
removed, which showed a few white blood cells but no organisms on smear, a specific gravity 
of 1.032, and 5.5 Gm. of protein per 100 cc. On January 25 this pericardial fluid was 
icportcd positive for tubercle bacilli on culture and guinea pig inoculation. 

Peginning on 1 (‘binary 2, lie was given 0.1 Gm. streptomycin intramuscularly everv 
foui hours for a total of 7.5 Gin. This was followed by a decrease in the amount of peri- 
caulial fluid, a drop in the erythrocyte sedimentation rate from a high of 95 mm. in one 
hour to 12 nun. by March, 1946, and a drop in venous pressure from 177 mm. to 120 nun. 
of water, with improvement, in his general health. Search for other manifestations of 
tuberculosis showed that the patient had been hospitalized in 1942 because of a chronic 
cough of four years duration. Mild hypertension and arteriosclerosis were found, and in 
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colored fluid. From this tubercle bacilli were cultured, but they were nonpathogenic for 
a guinea pig. Smear of the fluid sediment was negative. On February 17, the patient 
was drowsy, weak and confused. Cerebrospinal fluid examination was normal and neuro- 
logical examination revealed a horizontal nystagmus with the fast component to the left. 
However, the patient was alert by February 22, and no definite cause for the episode was 
found, though it may have been salieylism. During this period albuminuria appeared 
and it persisted throughout his hospitalization. A second pericardial tap on March 1, 
yielded 250 cc. of dark amber fluid from which tubercle bacilli were again cultured which 
were still nonpathogenic for the guinea pig. The patient continued to have a remittent 
and intermittent fever up to 102°F. with a pulse rate of 90 to 100 per minute. His abdomen 
was slightly distended and “doughy” on palpation. On March 3, 1947 a chest roentgeno- 
gram revealed a small amount of fluid in both costophrenic angles. There was a gradual 
increase in the right pleural effusion and a thoracentesis was done on that side, with the 
removal of 330 cc. of straw colored fluid. No organisms were recovered on cult ure or guinea 
pig inoculation. 

Sputum examinations for tubercle bacilli and blood cultures were negative. The sedi- 
mentation rate remained elevated at around 36 mm. in one hour. Pericardial taps on 
March 22, June 19 and July 21 and 28 yielded from 250 to 500 cc. of turbid yellow fluid (figure 
1). Cultures of these specimens revealed tubercle bacilli but all reports obtained at the 
time were nonpathogenic for a guinea pig. At the end of July, the total plasma proteins 
were 7.9 Gm. per 100 cc. (albumin 2.S, globulin 5.1). There was no peripheral edema, the 
liver was not palpable, but the venous pressure (antecubital) was 230 mm. of water. The 
patient was given several injections of concentrated serum albumin. His temperature 
gradually fell over a period of several months and by September, 1947 he was having only 
occasional elevations to 100°F. 

Because of the diagnosis of tuberculous pericarditis, the patient was transferred to 
Fitzsimons General Hospital on October S, 1947 for further study. Examination at that 
time revealed signs of fluid in both lung bases, and a friction rub was heard over the entire 
precordium. On October 14, the patient was dyspneic and cyanotic and he complained 
of pain in the left anterior chest. The liver was palpable for the first time, four finger- 
breadths below the right costal margin, and was tender. By October 17, there was pitting 
edema of both legs up to the knees and definite evidence of ascites. Venous pressure (ante- 
cubital) was 150 mm. ofwater, deeholin time was 19 seconds, and ethertime, 7 seconds. The 
patient was treated with mercupurin with loss of the edema. 

On October 27, he was started on streptomycin, 0.5 Gm. intramuscularly every twelve 
hours, to be continued for 120 days. From this time on, the patient remained afebrile and 
his pulse ranged from SO to 90 per minute. Erythrocyte sedimentation rates remained 
about 25 mm. in one hour. Total plasma proteins were S.5 Gm. per 100 cc. (albumin 2.7 
globulin 5.8). The patient had no edema or ascites bj' the middle of November. At this 
time a report was received on pericardial fluid removed on August 20 at William Beau- 
mont General Hospital stating that it was positive for tubercle bacilli which were patho- 
genic for a guinea pig. Numerous gastric washings and urine cultures were negative for 
tubercle bacilli. White blood cell counts remained normal. On December 5, venous 
pressure (antecubital) was 135 mm. water with a rise to 200 mm. on pressure over the right 
upper quadrant of the abdomen. Arm-to-tongue circulation time (Decliolin) was 22 
seconds and with ether was 12 seconds. The patient was asymptomatic and had a good 
appetite by the end of December. During January, 194S he continued this same good 
course and the only physical findings were a false pulsus paradoxicus (present only when 
>e teld a deep inspiration), enlargement of the cardiac area, and evidence of pleural thick- 
enmg ovet the right lower lobe. The liver could not be felt. 

ut ing the rest of the patient’s hospital stay until he was transferred to a Veterans Hos- 
P 1 a in April, 194S he remained asymptomatic and feeling well (figure 2). It was difficult 
^ -cep union modified bed rest. The total plasma protein was S.6 Gm. per 100 cc. (albumin 
■ i go ulin 4.2). Retrograde pyelograms and roentgenograms of bone, as well as liver 
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Case S: An IS year old Negro soldier was admitted to a station hospital in Japan on August 
20 1947, complaining of loss of weight for three months and chills for four days. The pa- 
tient stated that during the past three months he had had poor appetite, lost 15 pounds in 
weight and felt tired. Four days before admission he began to notice chilliness at night 
necessitating the use of extra covering. He had a “tingling” sensation over the sternum. 
There was no cough or hemoptysis. 

Past history was significant in that the patient had had a chancroid four months before 
admission which had been treated with sulfadiazine. Family history was noncontributory, 
and there was no history of exposure to tuberculosis. 

Physical examination revealed him to be thin, poorly nourished, undersized, and he 
appeared chronically ill. Blood pressure was 110 systolic and 60 diastolic. The heart was 
not cidarged, the tones were of good quality, and no murmurs were audible. Pulse was 52 
per minute with regular rhythm. The rest of the examination was negative. Laboratory 
data: erythrocyte count was 4.1G million per cu. mm., the hemoglobin was 100 per cent of 
normal, the total leukocyte count was S,700 per cu. mm. with 60 per cent segmented neu- 
trophils, 34 per cent lymphocytes, 5 per cent monocytes, and 1 per cent eosinophils. Erythro- 
cyte sedimentation rate was 56 mm. in one hour. Serologic test, for syphilis (Ivahn) was 
positive. The urine was normal. Hookworm larvae and Trichuris trichuria ova were found 
in the stools. Examination of the blood for malarial parasites was negative. Blood cultures 
were sterile. A roentgenogram of the chest showed an enlarged right upper hilar lymph 
node and lines of increased density radiating into the first and second right anterior 
interspaces. 

The patient had an intermittent fever with daily peaks of 103°F. He had only a feeling 
of malaise and complained of no pain. During the last half of September, the patient’s 
fever became lower with daily rises to 99°F. He felt stronger and his appetite improved. 
The erythrocyte sedimentation rate remained about 35 mm. in one hour. The patient was 
treated for the hookworm and whipworm infestations with hexylresorcinol and tetrachlor- 
ethylene. On October 13, the titer of the serologic test for syphilis (Kahn) rose to 320 
“units” and the patient was given S million units of penicillin intramuscularly" over a period 
of ten days. Except for an initial Herxheimer reaction, the patient’s fever remained low 
grade with rises to 99.5°F. On November IS, while the patient was sitting up, he was 
suddenly seized with a sharp pain in the left anterior chest which radiated to the left shoul- 
der. There was marked dyspnea but no cough or hemoptysis. The pain disappeared 
spontaneously" in about thirty minutes. The total leukocyte count was 5,800 cells per cu. 
mm. with a differential showing 9 per cent eosinophils. Sedimentation rate was 32 mm. in 
cne hour. An electrocardiogram showed only sinus arrhythmia (figure 4). On November 
19, a friction rub could be heard over the entire precordium. A soft blowing systolic 
murmur was heard at the apex. Chest roentgenogram revealed an increase in the size of 
the heart of 3 cm. in the transverse diameter. A tentative diagnosis of tuberculous peri- 
carditis was made. The patient’s temperature was now intermittent with daily spikes to 
101 F. The pericardial friction rub disappeared by November 21 and the heart sounds 
became distant. The titer of the Kahn test dropped gradually" to 40 “units”. Sputum ex- 
aminations for tubercle bacilli remained negative. Chest roentgenograms remained un- 
changed. On November 2S, the patient was evacuated to the zone of the interior. On 
arrival in the United States and while awaiting transfer to an Army general hospital, lab- 
oratory" study showed : a total leukocyte count 5,000 cells per cu. mm., hemoglobin concen- 
tration 14.8 Gm. per 100 cc., erythrocyte sedimentation rate 6 mm. in one hour, Kahn test 
10 “units” and urine normal (figure 5). 

On admission to Fitzsimons General Hospital January" 8, 1948 the patient was asympto- 
matic. His temperature was normal. Physical examination revealed no abnormalities. 

he erythrocyte sedimentation rate was 10 mm. in one hour. A roentgenogram of the chest 
s owed the large discrete lymph node enlargement in the right hilar region. The heart 
s a ow was smaller but still enlarged. Lung fields were normal. Electrocardiogram showed 
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Because the lymph node enlargement was considered to be tuberculous and potentially 
unstable, and because of the associated pericarditis, the patient was given a course of strep- 
tomycin intramuscularly, 0.5 Gm. every twelve hours for a total of 42 days. During this 
time the patient remained asymptomatic. He was afebrile and his total and differential 
leukocyte count and erythrocyte sedimentation rate remained normal. Examinations of 
numerous gastric washings were negative for tubercle bacilli. The serologic tests for 
syphilis became negative. Electrocardiograms showed some regressive changes but in- 
version of T persisted in leads V.i, 5 ,c (figure 4). A roentgenogram of the chest on January 
26, 194S showed a moderate decrease in the size of the enlarged right hilar node. The cardiac 
silhouette had decreased to normal size (figure 6). In J uly r , 1948 the patient was trans- 
ferred to a Veterans hospital and, at that time, he was asymptomatic, afebrile, and appeared 
well. Physical examination revealed no abnormalities. The only apparent abnormalities 
remaining were the large hilar node and the electrocardiographic evidence of pericarditis. 

SUMMARY 

Two cases of proved and one case of highly probable tuberculous pericarditis 
which responded satisfactorily to streptomycin therapy are reported. 

SUMARIO 

La Estreplomicina cn cl Tratamicnto dc la Pericarditis Tubercidosa 

Los tres casos comunicados, dos comprobados y uno muy probable, de peri- 
carditis tuberculosa respondieron satisfaetoriamente a la estreptomicinoterapia. 
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III. ESect on the Pathogenesis of Early Tuberculosis in the Guinea Pig Infected 
with Streptomycin-sensitive H37 Rv Tubercle Bacilli 

\Y. STEEXKEX, JR. and PHILIP C. PRATT 
(Received for publication November I, 1948) 

INTRODUCTION' 

Up to the present time, reports of the results of streptomycin therapy in the 
experimental animal have dealt chiefly with therapy instituted immediately 
after injection with virulent tubercle bacilli, or therapy instituted after the disease 
was well established. This paper reports the early course of a tuberculous infec- 
tion in normal guinea pigs to which streptomycin was administered prior to 
injection with highly virulent streptomycin-sensitive microorganisms. 

It was demonstrated by Krause (1, 2), and later by others (3, 4, o, 7), that, 
within four to six days after subcutaneous inoculation there is a widespread 
dissemination of tubercle bacilli throughout the body of the guinea pig, although 
gross and microscopic pathological lesions may not be observed before six to ten 
days. Krause’s findings show that, in order to prove the presence or absence of 
viable tubercle bacilli in early tuberculosis in the guinea pig, there should be a 
subinoculation of the triturated organs from an infected animal into normal 
guinea pigs, in addition to gross and microscopic examination of the tissues. 

METHODS 

la the experiment reported here, 32 tuberculin-negative male guinea pigs, each weighing 
about 450 Gin., were divided into two groups of to each, one group for treatment and one for 
control. 

Preparation of a us pc ns ion of Inicilli: An evenly dispersed 14 day culture of 1137 Rv 
microorganisms in Tween-albumin medium was diluted with physiological saline until a 
standard loopful of the culture spread on a slide over tin area 15 by 15 mm. in size, contained 
20 to 50 microorganisms per oil immersion field. The final suspension adjusted in the Klott 
Summerson colorimeter gave a dial reading of 17. Using this figure, it was calculated tfi) 
t hat 1.0 ce. contained approximately 20,009,030 tubercle bacilli. 

Therapy: The animals in both groups were injected subcutaneously in the midline, 
anterior to the symphysis pubis with 0.2 re. of the suspension, which is equivalent to approx- 
imately 4.000,000 bacilli. In Group I, streptomycin therapy was begun forty-eight hours 
prior to infection. Each animal received IS, 030 y of the drug per day in four doses; three 
doses of 4,0X1 7 each at 7 a.m., at 12 noon, and 5:30 p.m., and the last dos" of 0,039 y at 10:30 
pun. The treatment was continued throughout the experiment . 

Sr.rrif.re periotis of animals and fuhinorulation: Two treated and two control animals 
were killed at 3, 5, 10, 15, 21, 27. and 39 day intervals. Tissues from the treated animals 
sacrificed at 3, 5, 10. 15, and 21 days, as well as tissues from the control animals killed at .3, 5, 
and 10 days, were removed and studied as follows : One iliac node, half of the spleen , and t wo 

! From The Trudeau Laboratory of The Trudeau Foundation for the Clinical and Ex- 
l*'rimenta! Study of Pulmonary Disease. Trudeau, New York. 

5 This studv was aided by a grant from the Division of Research Grants and Fellowships 
of tie- National Institute of Health, 1". S. Public Health S-rvire 
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tracheobronchial nodes were removed aseptically from each animal. These were ground 
separately in a mortar with the aid of a pestle and the material suspended in a minimum of 
physiological saline. Each triturated organ was injected subcutaneously into the inguinal 
region of a normal guinea pig. These subinoculatcd animals were then followed by monthly 
tuberculin tests and autopsied as their reactions became positive, or after a four month 
period, whether they were positive or negative. 

RESULTS 

Tuberculosis by subinoculation was produced by each of the iliac nodes and by 
the spleens obtained from both the infected controls and the treated animals 
killed at the end of 3 days. All tissues obtained subsequently from the same 
organs of the animals killed at various intervals likewise produced tuberculosis 
when inoculated into normal guinea pigs. 

The triturated bronchial nodes obtained from the treated pigs and the con- 
trols at the end of 3 and 5 days, when injected into normal guinea pigs, failed to 
produce tuberculosis. The bronchial nodes obtained from two infected controls, 
when subinoculated at the end of 10 days, produced progressive tuberculosis 
in normal guinea pigs, whereas the nodes obtained from the treated animals 
failed to do so. The tracheobronchial nodes from the two treated animals killed 
at 15 days, however, did produce tuberculosis on subinoculation. At 21 days, 
the tracheobronchial nodes from one of the treated animals produced tuberculosis 
on subinoculation, but those from the other failed to do so. 

Pathologic Changes 

Recordings of gross observations on all animals were made at autopsy. The 
spleen, liver, lungs, and the tracheobronchial and iliac nodes from each animal 
were then fixed in Zenker’s solution and stained with liemotoxylin and eosin 
for microscopic study. The essential pathologic findings are presented in table 
1, in which the gross and microscopic observations of the various organs are 
recorded according to the duration of the disease. As previously stated, two 
treated and two control animals were killed at each sacrifice period. The lesions 
in each of the animals within each group were, in most instances, comparable. 
When the described lesion appeared in only one of the animals, this fact is indi- 
cated by an asterisk. 

In relation to the controls, it is evident that the treated animals exhibited 
little disease, that fewer organs were involved, and that, with one exception, the 
lesions were less extensive. The exception occurred in the iliac nodes of the 
animals sacrificed at 10 days; the extent of the disease was identical in each 
animal of the two groups and the lesions covered several microscopic fields. 

It is important to emphasize the fact that lesions were observed in the spleen 
and lungs, although these lesions were only microscopic. The livers also might 
have revealed lesions had serial sections been made on this organ. A portal 
scar was observed in one of the treated animals killed at 27 days; this probably 
represented a healed tuberculous lesion. The iliac nodes of the animals killed 
at 27 days showed caseation. 

The foci of lymphocytes seen in the lungs of the treated animals sacrificed 
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on the fifth and tenth days were [very conspicuous; they were compact, and 
many of them had germinal centers, evidence which indicated that they could 
be considered true lymphoid follicles. While such lymphoid foci are not nor- 
mally present in the lung of the guinea pip;, (hey were found rather frequently. 
The reason for their presence is not apparent. Little significance is attached 
to them, since in other experiments there has been no regular occurrence of such 
lymphoid foci in the lungs of treated animals. Aside from these lymphoid foci, 
the microscopic appearance of the lesions in the two groups was similar, and 
apparent ly strept omycin did not affect the cellular reaction to the bacilli (See 
figures). 


DISCUSSION 

The results of this experiment reveal that streptomycin therapy begun 
forty-eight hours prior to injection subcutaneously with virulent organismsdid 
not prevent the distribution of tubercle bacilli in the body of the guinea pig. 
The fact that tubercle bacilli were demonstrated in the tracheobronchial lymph 
nodes of the control animals by subinoculation at 10 days, but not until 15 
days in the treated animals, is not considered significant because this variation is 
within the range reported by Krause (1, 2). However, this finding may be 
contrasted with Krause’s observation that in the immunized guinea pig the 
dissemination of bacilli from the site of inoculation is delayed. These observa- 
tions indicate that the effect of treatment with streptomycin does not duplicate 
this phenomenon of host-acquired resistance inasmuch as streptomycin limits 
the multiplication of tubercle bacilli but does not result in the localization of 
the organisms at the site of inoculation. 

The difference in the amount of tuberculosis observed in the two groups is 
striking and needs no further comment, for the dramatic effect of streptomycin 
on experimental tuberculosis in the guinea pig is well known. Nevertheless, 
the fact that tuberculous lesions developed in the treated animals deserves 
the closest study. 

A review of the course of the infection in the treated animals shows that 
lesions were first seen in the iliac nodes at 1 0 days. Progression of this lesion 
was slow but definite up to 27 days, at which time caseation was present. 
At 39 days, the next sacrifice period, only a few macrophages and a small area 
of scar tissue were present. In the spleen, foci of macrophages were observed 
in the malpighian bodies at 21 days, but not before or after this period. At 
27 days, small groups of macrophages and a few epithelioid tubercles were 
observed in several of the lymphoid foci in the lungs. At 39 days, both these 
and the lymphoid foci were absent, and the lungs appeared to be normal. It 
is apparent then that, despite streptomycin therapy, the tuberculous lesions 
progressed for a period of about 27 days, then regressed, and at 39 days the 
only lesions observed were a few macrophages and a scar in the iliac node. 

The presence of caseation indicates that the animals had become hypersensi- 
tive. The animals killed at 27 and 39 days were skin tested with 5 per cent 
Old Tuberculin and both the control and the treated animals showed strong 
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same intervals after infection and progressed at similar rates in the treated and 
in the control animals. In many instances, there appeared to be fewer Lang- 
lians’ cells associated with the lesions in the treated animals than in the controls, 
but no gross and no other histological distinctions could he made. 





PLATE I 

Fig. 1 . Low power magnification of spleen from animal treated G6 days. Compare with 
figure 2. Note similar degree of enlargement. Tuberculous lesions are present in the mal- 
pighian bodies. X10. (Sec Plate II, figure 1) 

Fig. 2. Lower power magnification of spleen from control animal at 06 days. X10. 


COMMENT 

dhe results of this experiment indicate clearly that guinea pigs infected with 
H37 Rv tubercle bacilli that were made highly resistant to streptomycin (1,000 
7 oi moie) by in vitro adaptation do not respond to streptomycin therapy. 

^Othei experiments to be reported from this laboratory by Steenken and 
Wolinsky (3) will show that guinea pigs infected with tubercle bacilli freshly 
isolated from patients under streptomycin treatment, and which have become 
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TRANSITORY INFILTRATES IN THE LUNGS WITH EOSINOPHILIA 

(LOEFFLER’S SYNDROME) 1 

A Review With the Report of a Case 
VICTOR F. WOOLF and WILBUR J. GOULD 
(Received for publication July 19, 1918) 

REVIEW OF TUE LITERATURE 

The syndrome of pulmonary infiltration of brief duration associated with 
eosinophilia was described by W. Loeffier of Zurich in 1932 (1). By 1936 (2) 
he had accumulated 51 cases. Although most of this material came from chest 
clinics, in no instance was there any evidence of active pulmonary tuberculosis. 

This group was of special interest because of the difficulties in differential 
diagnosis. The shadows observed in the lung fields were of many types, varied 
in distribution and were remarkable for their fleeting character. In some pa- 
tients the process was migratory. Another distinguishing characteristic was 
the presence of an eosinophilia. In more than half of these individuals, the 
eosinophils ranged between 10 and 30 per cent. The highest percentage of 
eosinophils observed was 66. There was no strict parallel between the size of the 
infiltrate and the accompanying eosinophilia. The maximum number of eosino- 
phils was found at the time when the pulmonary shadows had begun to resolve. 
Very often, the eosinophilia persisted for a long time after the clearing of the 
pulmonary process in the roentgenogram. The symptomatology also bore no 
constant relation to the extent of the physical and roentgenological findings. 

Fourteen of Loeffler’s 51 cases were entirely symptom-free. In these patients 
the pulmonary shadows were discovered during the course of routine fluoros- 
copy or roentgenographic surveys. The majority of the patients complained 
chiefly of fatigue and of respiratory symptoms of varying severity. The condi- 
tion was encountered most frequently between July and August. Fully two- 
thirds of the patients were males. Two instances were found in members of the 
same family. All the cases followed a benign course regardless of the therapy 
employed. The individuals observed in Loeffler’s series were of different age 
groups; one-third were small children. Thirteen had negative skin reactions to 
tuberculin, while the remaining 37 were tuberculin-positive. 

Since Loeffler’s observations, the literature on the subject has grown consider- 
ably. Reports have come from all parts of the world. Virtually all authors 
now agree that the condition is an allergic reaction occurring in the lungs of a 
sensitized individual. Most of the patients are found to have an allergic back- 
ground and to have had other manifestations of allergy. The number and 
variety of conditions in which Loeffler’s syndrome has appeared is constantly 
increasing and may be limitless. Cases have been reported in the course of, or 
in association with, various bacterial infections, parasitic infestations, ast hma , 
pollen sensitivity, and other allergic states, erythema nodosum, periarteritis no- 
1 From the Pulmonary Clinic, Lenox Hill Hospital, New York, N. Y. 
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and inflammatory exudate with cosinophilia. The other organs showed similar 
vascular lesions. In 2 of t hose autopsies a pathological diagnosis of periarteritis 
nodosa was made. 

Bagenstoss, Bayley, and Lindberg (13) report on the postmortem pulmonary 
findings in a case of Locfllors Syndrome. The lungs showed scattered tubercle- 
like gmmilomnta. In some areas there was organization of the alveolar exudate. 
A more recent acute inflammatory process was found in the lower lobes with a 
predominance of eosinophils in the exudate. The bronchioles contained mucus 
and desquamated epithelial cells. Their walls were infiltrated with eosinophils 
and plasma cells. Perivascular inflammatory lesions with thickening and oc- 
casional necrosis of the vessels walls were also present. 

Von M Orenburg: (-1), Nagel (H), and Ilerbut and Kinsey (23) cited experi- 
mental work (Jo, 16, 17) in which the various clinical and pathological findings 
observed in individuals with eosinophilic lung infiltrates have been reproduced. 
Ilansen-Pruss and Goodman (IS), Bagenstoss, Bayley and Lindberg (13) and 
Ilarkavv (3) mention the role of the vascular system in producing the findings 
in their patients. They refer to the work of other authors wherein similar vascu- 
lar lesions are found to be on an allergic basis. Alpher (10) regards the occur- 
rence of eosinophilic infiltrates in other organs as postulating a hematogenous 
pathway for t he “hit rinsic type” of case and he raises the possibility that Loeffier’s 
Syndrome may he due to viral infect ion in an essentially allergic person. He also 
regards the interstitial tissue jus the shock organ whereas Hansen-Pruss and Good- 
man (IS) offer the view that in the course of repeated respiratory infections there 
is possible sensitization of the bronchial tree by bacteria with allergic response 
in the form of a pneumonic type of reaction to reinfection with the sensitizing 
antigen or with .some other antigen. 

The importance of the syndrome lies in the problem of differential diagnosis 
which it presents. Some cases have been mistaken for tuberculosis, as with 
the patient in the present report, some for lung abscess or infarcts, and others 
for pneumonia of various kinds. 

The types of shadows seen on the chest roentgenograms, according to Loeffler (2) are: 

1 . Large, more or less irregular shadows, unilateral or bilateral. 

2. Small round foci. 

3. Multiccntric unilateral or bilateral infiltration. 

<1. Lobar shadows. 

5. Infiltrates simulating "secondary tuberculous infection.” 

G. Cases with pleural involvement and a very’ small fleeting effusion. 

In addition to the varied shadows noted by others, Hennell and Sussman (15) 
describe: 

narrow, plate-like homogenous densities extending obliquely caudad and laterally. 

Often they are symmetrical in the two lungs. They also resolve completely. Whether 
they represent localized exudations in the lung or pleura is impossible to state, but they 
seem to be unique to this disease. There is no predilection for upper or lower lobes, but 
a fair degree of symmetry on the two sides is the rule. 
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resorption of the pulmonary shadows. It will be interesting to follow this pa- 
tient’s course in the light of Harkavy’s findings. 

Experience with this patient serves to illustrate the differential diagnostic 
problem. In this instance pulmonary tuberculosis was suspected because of the 
symptoms and roentgen picture. The patient actually spent three months under 
observation for pulmonary tuberculosis. 

Because the symptomatology may simulate both acute and chronic pulmonary 
diseases and since the roentgenographic findings are extremely varied, it is im- 
portant that the patient be studied from the clinical as well as from the laboratory 
standpoints. Loeffler’s Syndrome should be suspected if the blood count re- 
peated at intervals of several days to a week shows eosinophilia. A careful history 
may disclose repeated respiratory infections superimposed on an allergic back- 
ground such as asthmatic attacks, hay fever, migraine, et cetera. 

Roentgenograms taken at intervals of one week null usually show rapid clear- 
ing or migration of the pulmonary shadows. The presence of the oblique shad- 
ows described by Hennell and Sussman (20) may be helpful. The sputum should 
be examined for tubercle bacilli. The absence of acid-fast organisms, especially 
when large lesions exhibiting lobar distribution and rarified areas suggesting 
cavitation are present, would tend to exclude a diagnosis of pulmonary tubercu- 
losis. Pneumococcus pneumonia can be excluded by the failure to find pneumo- 
cocci of the fixed types in the sputum. The use of the cold agglutination test 
may be valuable in ruling out the atypical pneumonias. The absence of foul or 
purulent sputum and the rapid resolution help to separate these cases from lung 
abscess and suppurative pneumonia. Observation, bronchoscopy, and serial 
roentgenograms will differentiate Loeffler’s Syndrome from carcinoma of the 
lung. Pulmonary infarct can be distinguished by the course and the absence of 
conditions with which it is usually associated. 

Because of the frequent association of this syndrome with chronic infections, 
especially by protozoa, stool examinations, cutaneous tests, and serological pro- 
cedures may be of great value in detecting unsuspected infections whose caus- 
ative organisms may act as sensitizing and provocative antigens. A thorough 
allergic study with various antigens may be advisable. As this condition may be 
but one manifestation of a serious underlying disease such as periarteritis nodosa, 
especially in the more protracted or recurrent cases, appropriate steps should be 
taken to exclude this possibility. 


SUMMARY 

A case of Loeffler’s Syndrome in a 44 year old woman is presented. Transi- 
tory cardiac enlargement and mild hypertension were also observed. 

SUMARIO 

InfiUraciones Transitorias en los Pulmones con Eosinofilia ( Sindrome de Loeffler) 
Este caso de sindrome de Loeffler en una mujer de 44 anos coexistid con hiper- 
trofia cardlaca pasajera y leve hipertensidn. El sindrome de Loeffler pasa por 
ser un fendmeno aldrgico exudativo en los pulmones. 
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TUBERCULOUS ESOPHAGO -CUTANEOUS FISTULAE TREATED WITH 
STREPTOMYCIN AND GASTROSTOMY 1 

Report of a Case 
JOHN F. LAWSON 2 

(Received for publication June 2S, 194S) 

This case is presented primarily as an unusual form of tuberculosis and, 
secondly, because one phase of the disease responded to streptomycin. 

CASE REPORT 

History: A 2S year old, white, single female was admitted to North Carolina Sanatorium 
on October 7, 1947 with the following history. She enjoyed good health and normal 
development until 1924, when at the age of five she was exposed to a known case of tuber- 
culosis. Shortly after this she is said to have developed measles and an upper respiratory 
infection, followed several weeks later by pain in the thoracic spine. A diagnosis of 
tuberculosis of the spine was made and a body cast was applied and worn for one year. 
In spite of this, she had a marked kyphosis over the lower cervical and upper thoracic 
vertebrae, which was painless and which allowed normal physical activity for the next 
twenty years. 

In June, 1944 she noted a hard swelling the size of a hen’s egg on the left side of the 
neck associated with generalized malaise and fever. Tuberculous abscess of a cervical 
lymph node was diagnosed and the swelling was later incised and drained with an in- 
dwelling tube. This area never healed, and eleven months later while drinking a beverage 
the patient discovered that the latter had seeped through the sinus and had wet the ex- 
posed surface of the neck. Pain reappeared in the spine and shortly thereafter, in 1945, 
a mass was noted on the right side of the neck. This, in due time, followed a course 
similar to that on the left. Both sinuses have continued to drain purulent material 
intermittently since 1945. Body cast was applied at that time and the patient continued 
to wear this. However, the pain in her spine persisted and the kyphosis became more 
marked. 

Physical examination: Physical examination at the time of admission revealed a small, 
poorly developed and poorly nourished, white female who appeared chronically ill. Her 
temperature was 99° F., pulse 120 per minute and the respirations were IS per minute. 
The blood pressure in mm. of mercury was 144 systolic and 100 diastolic. There was 
generalized wasting of the subcutaneous tissues. Examination of the head revealed 
nothing abnormal. The neck was thrust forward as a result of the spinal deformity. 
Bilateral, nontender, anterior cervical lymph nodes were felt. At the base of the neck 
on each side just anterior to the trapezius muscle were scarred areas the size of a half- 
dollar with small fistulous openings from which purulent material could be expressed. 
Fluids taken by mouth appeared promptly at these openings. There was marked kypho- 
sis involving the lower cervical and upper thoracic vertebrae with a nontender gibbus 
involving the third and fourth thoracic vertebrae, and accompanying thoracic deformity 
of marked degree. The heart and lungs were normal on percussion and auscultation. 

1 From the North Carolina Sanatorium for the Treatment of Tuberculosis McCain 

North Carolina. ’ ’ 

2 Department of Surgery, Duke University School of Medicine, Durham, North Caro- 
lina. 
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Neurological examination was normal. The remainder of the physical examination was 
noncontributory. 

Laboratory examination: Studies of the blood revealed no abnormalities except for 
12,750 leukocytes per cu. mm. with S5 per cent neutrophils, 14 per cent small lymphocytes, 



Fig. 3 


1'irs. 1. Chest roentgenogram demonstrating marked destruction of thoracic vertebrae. 
1 'ig. 2. Lateral roentgenogram showing spinal deformity. 

Fig, 3. Lipiodol was injected into both sinuses and could be traced by fluoroscopy into 
the oesophagus and stomach. The saccular area in the region of the esophagus is not dem- 
onstrated in this roentgenogram. 

and 1 per cent eosinophils. A serologic test for syphilis (Kline) was negative and the 
urinalysis was normal. 

Roentgenograms of the chest showed no evidence of active pulmonary tuberculosie. 
There was definite widening of the superior mediastinum, however, particularly on the 
left. Roentgenograms of the spine revealed market! destruction of the dorsal vertebras 
as shown in figures 1 and 2. Lipiodol was injected into each sinus and this could be 


TUBERCULOUS ESOMIAGO-CUTANEOUS FISTULAE ObJ 

traced by fluoroscopy into a saccular area that was continuous with the esophagus and 
stomach. This is shown in part by figure 3. The saccular area retained the opaque 
material only transiently. Sputum, examined repeatedly by concentration and culture, 
was negative for tubercle bacilli. Cultures from the draining fistulae levcaled tubeicle 
bacilli. 



Fig. 4 Fig. 5 


Fig. 4. Photograph representing topographical deformity of spine. Dressing on ab- 
domen covers site of gastrostomy incision. Supraclavicular scar is visible but is shown in 
higher magnification in figure 5. 

Fig. 5. Enlargement to show healed scar in supraclavicular region. 

Course in hospital: A diagnosis was made of tuberculous spondylitis complicated by 
formation of mediastinal abscess, bilateral esophago-cutaneous fistulae, and bilateral 
tuberculous cervical lymphadenitis. Because of the results reported (1, 2) from the use 
of streptomycin in the treatment of draining tuberculous sinuses, this drug was used in 
this case. Esophagoscopy was attempted as a preliminary to chemotherapy, but was 
unsuccessful because of the spinal deformity. Intramuscular streptomycin, 1 Gm. a 
day in 3 doses, was begun on November 27, 1947. 
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On November 2S, 1947 gastrostomy was performed in order to put the esophagus at 
rest during streptomycin therapy. The patient was fed via the gastrostomy and received 
nothing by mouth for seventy-two days. After one month of treatment the fistula on 
the left side closed, followed on the seventh week by closure of the fistula on the right. 
On February 6, 194S the patient was given a soft, bland diet by mouth and on February 
19 the fistula on the left side reopened. Streptomycin was discontinued on February 20 
after the patient had received S6 Gm. in eighty-six days, the esophagus remaining free 
from food for seventy-two days during this period. The fistula on the left drained for 
three weeks and closed spontaneously and neither fistula has drained for the past three 



I'm. G. barium swallow, three months after streptomycin was discontinued, demonstrat- 
ing the distorted esophagus. No fistulous tracts arc seen. 

months. 3 After two previously unsuccessful attempts, the gastrostomy was closed on 
May 11,1948. 


At present the patient is taking a regular diet, eating well, and gaining weight. 
There tire no palpable cervical lymph nodes. Figure 1 presents a photograph 
taken May S, 19-18 showing the deformity. Figure f> illustrates the healed site 
of the previous fistulous opening on the left , ten weeks after streptomycin therapy 
was discontinued. Tile right side is not shown, but is identical with the left. 
Figure (5 presents t he results of a barium swallow three months after strepto- 
mycin therapy and demonstrates the distorted esophagus which is deviated to 

3 Since this report was accepted for publication, the writer has been informed that one 
of the fistuhie has reopened and continued to drain. No further streptomycin lias been 
given. 
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the left in its upper portion. No fistulous tracts are seen. However, there is no 
knowledge of the condition of the presumed underlying mediastinal abscess. 

The possibility that one or both fistulae were connected with the distal pharynx 
rather than the esophagus cannot be excluded with absolute certainty. The 
esophageal site is much more likely, however, because all of the pharynx, except 
the region of the junction between inferior constrictor muscle and esophagus, 
was observed under direct vision during the attempt at esophagoscopy. 

SUMMARY 

A case of tuberculous csophago-cutaneous fistulae treated with streptomycin 
is presented. Eighty-six grams of streptomycin were given over a period of 
eighty-six days. A gastrostomy was performed and for seventy-two days during 
the period of chemotherapy the patient was fed exclusively by tube. Both 
fistulae have remained closed for more than three months . 3 

SUMARIO 

Fistulas Esofago-Culdncas 7'ubcrculosas Tratadas , 

con la Estrcplomicina y la Gaslrostomia 

I El caso deserito es de fistulas esdfagoeutdneas tuberculosas tratadas con la 
estreptomicina, administrdndose SG Gm. de la droga durante un periodo de 
ochenta y seis dias. Ejecutdse una gastrostomia y durante setenta y dos dfas 
de dicho periodo de quimioterapia el enfermo fud alimentado exclusivamente con 
sonda. Ambas fistulas han permanecido cerradas por mds de tres meses. 

REFERENCES 
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SKIN TUBERCULIN REACTION FOR THE ASSAY OF TUBERCULIN 

IN GUINEA PIGS 1 


GRAHAM CHEN and R. W. SARBER 
(Received for publication July 2S, 194S) 

INTRODUCTION 

Since the initial discover}- by Koch that tuberculin could be a useful aid in the 
diagnosis of tuberculosis, its use has grown until it now occupies a position of 
universal acceptance. Many of the problems that have arisen in the use of 
tuberculin have resulted from a lack of knowledge of its chemical and immuno- 
logical characteristics. Attempts to correlate various separately conducted 
studies on tuberculin skin sensitivity have not always been entirely successful. 
This is easily understood when consideration is taken of the many and varied 
methods and steps in the preparation of tuberculins. The use of various non- 
synthetic and synthetic media, concentration of filtrate to standard volume with- 
out regard to its activity, and various methods of partial purification, all con- 
tribute to the confused picture found in correlation studies. 

The development by Seibert (1) of a highly purified tuberculin, Purified Pro- 
tein Derivative (PPD), has greatly reduced the nonspecificity of tuberculin 
reactions and furnished an excellent material to use as a tool for the comparison 
of various tuberculin preparations. Attempts at standardization of tuberculins, 
however, have shown both the unreliability of present methods and a great varia- 
tion among tuberculins from various sources. Savage (2), Sweany (3), Seideman 
(4), and others have compared tuberculins from various sources and found con- 
siderable variation among products. Early attempts were made by several to 
establish a quantitative biological test. The determination of a minimal lethal 
dose of tuberculin injected subcutaneously into a tuberculous guinea pig was one 
of the earliest methods (5). Long (6) employed a method which determined the 
minimal amount of tuberculin which when injected into the testis of a tuberculous 
guinea pig would cause complete inhibition of spermatogenesis. Both of these 
methods proved impractical because results varied too greatly with the degree of 
tuberculin sensitivity. Bunney and Gottschall (7) and Clark and Follin (S) 
have presented semi-quantitative methods based upon comparative skin reac- 
tions in guinea pigs. 

In view of the importance of the dosage of tuberculin in diagnostic, therapeutic, 
and prophylactic procedures, a standard method is required both for the stand- 
ardization of tuberculin and for the clinical assessment of the tuberculin reaction 
to which standardized statistical procedures can l>c applied with consistent and 
reproducible results that can be reduced to a formula. The work to be reported 
in this paper was planned in an attempt to achieve these objectives. 

1 From the Research Laboratories, Parke, Davis and Company, Detroit, Michigan. 
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METHODS 

White guinea pigs weighing between 375 and 400 Gm. were inoculated intraperitoneally 
with virulent M. tuberculosis following a procedure U6ed routinely in this laboratory. 
Four to five weeks later, the skin on the back and sides of these animals was depilated by 
clipping and by rubbing with barium sulfide paste. Three or four graded doses of a tuber- 
culin preparation (PPD) were injected in 0.1 ml. volumes intradermally on each side of the 
body. In case an unknown was compared with a standard, they were injected alternately 
on the same side. The dosages employed were those recommended for skin testing in 
humans. 

The skin reaction was determined by measuring the diameter of the erythema evolved 
twenty-four and forty-eight hours following inoculation. The intensity of the reaction 
reached a maximum around twenty-four hours. When the reacting area was not exactly 
circular in 6hapo, two diameters (maximum and minimum) were measured and the mean 
diameter was used in calculating the dose-response relationship. 

In some experiments, the tuberculous pigs which had once been employed for skin testing 
were used again two to four weeks later. The results of this practice have been carefully 
checked and no tuberculin dcsensitization or lack of response has been found as long as 
the animals remained in sound physical condition. 


RESULTS AND DISCUSSION 

The data will be presented in two parts: (A) An analysis of the dose-response 
characteristics of the skin tuberculin reaction, and (B) an assay method for 
tuberculin preparations. 


A. Skin Reaction to Dose of Tuberculin 

The skin reaction to dose of tuberculin follows a linear relationship when the 
value of response (Y) and the dosage (X) are expressed in logarithms (figure 1). 


log Y = log a + b log X Equation 1 

a, b = constants; or 

Y = aX b Equation 2 


Obviously there is the same relationship whether 

/dV 

the diameter (D) of the erythema, its area — t l—J 


the reaction is expressed by 



any other power of D (since log Y* = C log Y). 

The equation holds true for readings taken either at twenty-four or forty-eight 
hours after intradermal injection of tuberculin (figure 1). The twenty-four hour 
reading is favored, because the reaction is maximal at this time; furthermore, 
necrosis occurs at forty-eight hours with large doses of tuberculin. 

Using area as a measure of response twenty-four hours after inoculation, and 
the value 20 for 0.00002 mg. of PPD, the equation 3 


Y(D J ) = |17.0 X 0 -* 49 

was found to fit the data in table 1. In deriving equation 3, there were 360 
determinations (4 from each pig) which were obtained in 4 experiments (22 to 24 
animals each). The estimates of the constants of equation 3 thus represent those 
for a large population. In early calculations (as for equation 3), the diameters 
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tion thus becomes 


M = 


Ti 

2T Z 


The next step is to calculate the standard error of potency. An average stand' 
ard error is 

S.E. of potency — 2.30 X Sm X (antilog M), where 

Sm ~ t/K i+ ^) o,id 


(S = standard deviation of the population and b 


slope of the regression line) 


^(Y 2 ) - (Ti 2 4- T 2 2 + T 3 2 )/N 


12(N - 1) 


(2(Y 2 ) = sum of Y 2 S and N = the number of tests in the assay). The slope is calcu- 
lated by 


b = 


T 2 

2IN ’ 


b 


— ' when I = 0.5 
N 


The accuracy of the method is shown by the figures computed from the data 
of 3 experiments in tables 2 and 3. 

The “unknowns” have assayed potencies 148.0 ± 11.95, 181.7 =fc 20.0 and 
142.7 -b 12.75 per cent that of the standard, while the actual potencies are 150, 
200 and 150 per cent, respectively. 

As indicated by the dose-response curve in figure 1, along a limited range, the 
response is approximately linear to the log-dose. Therefore, within this range, 
the above method may be used by a response-log dose relationship (instead of 
log-response and log-dose). As may be seen by comparing the values in table 2, 
there is no gain in the sensitivity of the method by using ordinary numbers instead 
of logarithms. The use of logarithms for responses has the advantage in that 
the linear relationship covers the entire range of doses. 

Regarding the design of the experiment, the following conditions are suggested 
for a simple, rapid, and accurate procedure for the assay of tuberculin prepara- 
tions. 

Reactivity: As in any biological assay, the sensitivity and accuracy of a method 
depend upon both the reactivity and the uniformity in response of the testing 
animals. In tuberculin assays, therefore, only good reactors should be used. 
This requirement may usually be fulfilled by using “sound” guinea pigs in which 
a high degree of tuberculin sensitivity has been established. 

Number of determinations: Ten determinations for each concentration, or 40 
determinations for each assay, are appropriate numbers required. Forty deter- 
minations may be carried out in 5 pigs, by inoculating 4 doses in each side of the 
dorsal skin. 
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approximately with one dose of the unknown and one dose of a standard, and 
calculated by the third power of the ratio of their skin reactions. 

Measurement: The maximal skin reaction, twenty-four hours after inoculation, 
is favored for the evaluation of tuberculin preparations. It is immaterial 
whether the reaction is measured by the area or by the diameter of the erythema. 
For time saving in calculations, the diameter is preferred. 


TABLE 3 

Assay of Tuberculin ( PPD ) 


(A) 

(B) 

TEST 

NUMBER 

DIAltETEK OF EBYTHEHA (LOG) FOB 

TEST 

NUMBER 

DIAMETEB OF EEYTHEJIA (LOG) FOE 

•Us 

Ul 


Si 

*Ul 

Ui 

S> 

Si 

1 

1.04 

0.85 


o.ss 

1 

1.04 

0.85 

rm 

0.88 

2 

1.15 

0.81 


0.70 

2 

1.15 

0.81 

mm 

0.70 

3 

1.15 

1.00 


0.93 

3 

1.15 

1.00 

1.10 

0.93 

4 

1.11 

0.88 

0.98 

O.SS 

4 

1.11 

0.88 

0.98 

0.88 

5 

1.0S 

0.7S 

0.98 

0.74 

5 

1.08 

0.78 

0.98 

0.74 






6 

1.06 

0.78 

O.SS 

0.74 

Total . . . . 

T! = 0.69, T. = : 

2.09, T, 

= 0.31 

7 

1.10 

0.S5 

1.02 







s 

1.13 

O.SS 

1.02 

0.85 

M = 

0.230, or 

170% ; Actual 200% i 

9 

1.08 

O.SS 

1.04 

0.74 

b = 0 

1.299, S = 

= 0.0566, 

Sm = 0 

.092 

10 

1.16 

0.90 

1.04 

0.74 

S.E. of Potency = 35.97% 












Total . . 

...Ti - : 

1.66, T- = 

= 4.48, T 

'» = 0.40 






M = 

0.259 or 

181.7%; Actual 200% 






b = 0.320, S = 

= 0.0469, 

Sm = 0. 

048 






S.E. of Potency = 20.0% 



*U 2 , Ui, S 2 , Si = 1, 0.2, 0.5, 0.1 7 of PPD. 


SUMMARY 

An analysis of the dose-response characteristics of the skin tuberculin reaction 
has been presented. Expressed in logarithms, the dose and the size of the ery- 
thema follow a linear relationship. The response, in terms of the area of the 
skin reaction, is proportional to the cubic root of the dose of tuberculin. 

Based upon the lineality between dose and response, a statistical procedure 
has been used for the assay of tuberculin preparations. The relative potency 
of an unknown is computed from the regression line of a standard prepara- 
tion. The relative potency is determined in experiments planned in factorial 
design and evaluated through the analysis of variance. 

SUMARIO 

La Cutirreacdon a la Tubcrculina para la Valoradon de la Tubcrculina en 

los Cobay os 

Pres6ntanse un analisis de las caraeterfsticas de la dosis-respuesta de la cuti- 
tuberculinorreaccidn. Expresada en logaritmos, la dosis y el t amafi o del 
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INHIBITION OF THE TUBERCULIN TYPE REACTION BY 
ANTIHISTAMINIC DRUGS AND RUTIN 1 

LEO H. CRIEP, MACY I. LEVINE and THEODORE H. AARON 
(Received for publication June 2, 1948) 

INTRODUCTION' 

Since the outstanding elementary experiment of Robert Koch on the reinocu- 
lation of tubercle bacilli into the skin of the laboratory animal, much work has 
been expended on tuberculin sensitivity. 

Sensitivity in general has been divided into two groups, humoral and cellular. 
In the humoral group the circulating antibodies are present in the intercellular 
fluid and blood stream. In this type of sensitivity the skin responds to intraeu- 
taneous injections of offending antigens with an immediate whealing reaction, as, 
for example, in ragweed hay fever. In the cellular group, the antibodies are 
present in the cells themselves and the skin responds with a delayed inflammatory 
reaction. This is the group to which the tuberculin type of sensitivity belongs. 

Two well-known methods are used to test for delayed tuberculin sensitivity. 
The first is the contact or patch test method. When tuberculin is brought in 
contact with the sensitive skin, a reaction occurs in the epidermis within forty- 
eight hours with the development of spongiosis and intradermal vesiculation. 
The second type is the method of the intradermal injection of tuberculin. A 
reaction develops in the sensitive cutis in forty-eight hours with lymphocytic and 
epithelioid infiltration and a connective and vascular tissue response. 

With the recent development of the antihistaminic drugs, more interest has 
been displayed in Lewis’s histamine theory of sensitivity. It is believed that in 
the humoral group the union of antigen and antibody causes the release of hista- 
mine or a histamine-like substance which gives an immediate reaction. Antihis- 
taminic drugs will inhibit this reaction (1, 2, 3). Histamine, according to present 
concepts plays no part in the delayed cellular reaction. Inference has been made, 
therefore, that the antihistaminic drugs have no influence on tuberculin sensi- 
tivity. If they do, it would be by some other mechanism. 

In order to test further the validity of these theoretical considerations, an at- 
tempt has been made to inhibit the tuberculin type of reaction by means of anti- 
histaminic agents and rutin. 

METHODS 

Old Tuberculin, Tuberculin, Purified Protein Derivative (PPD) 2 3 * * , the Tuberculin Patch 
Test (Vollmer) 8 , rutin 8 , and pyribenzamine hydrochloride', in tablet and powder form were 
used in the following experiments. 


1 From the Department of Medicine, Section of Allergy, School of Medicine, University 
of Pittsburgh, Pittsburgh, Pennsylvania. 

2 Parke, Davis & Co., 

3 Lederle Laboratories. 

* Generously supplied by E. R. Squibb & Sons, New York, N. Y. 

1 Generously supplied by Ciba Pharmaceutical Products, Inc., Summit, N. J. 
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culin patches could be applied directly thereon. Control patch tests were 
placed on the opposite arm. Strips were removed in forty-eight hours and read- 
ings were made at that time. All showed definite positive reactions on the con- 
trol sites. Eight patients had identical reactions where pyribenzamine had been 
injected and 3 had a smaller reaction. Five patients were observed for forty- 
eight additional hours, but there was no change except for fading of all reactions 
at the time of the final reading. 

Iontophoresis of Pyribenzamine and Tuberculin Testing 

Pyribenzamine hydrochloride was introduced into an area of skin (34 by 7\ 
cm.) of the forearm by means of a standard iontophoresis apparatus (4, 5) using 
one third milliampere per sq. cm. for five minutes and a 10 per cent solution of 
pyribenzamine hydrochloride. One hour later, when the primary erythema had 
subsided, the tuberculin patch was applied to this site. Control patches were 
applied to the opposite forearm. Both patches were removed in forty-eight 
hours. Headings and comparisons were made immediately, twenty-four and 
forty-eight hours later. Of the 4 patients thus tested, 3 reacted identically in all 
sites and one had a less severe reaction on the iontophorized site. 

In another group of patients pyribenzamine was similarly introduced in an 
area of the forearm (31 by 3| cm.) with the same apparatus, using one half milli- 
ampere per sq. cm. for five minutes. One hour later, with subsidence of ery- 
thema, the center of the infiltrated area was injected with 0.1 cc. of tuberculin 
(PPD) strength 1 or 2. A similar injection of PPD was simultaneously made in 
the opposite forearm. Reactions were measured in forty-eight and seventy-two 
hours. Of 5 patients given PPD strength 2, similar reactions in both arms 
occurred in 2, but 3 had more severe reactions in the arms infiltrated with pyriben- 
zamine. One patient was given PPD strength 1, with identical reactions in both 
sites. 

Simultaneous Injection of Tubercidin and Antihistaminic Agents Mixed in Vitro 

PPD tablets, strength 1 or 2, were dissolved in 1 cc. of 1 per cent pyribenza- 
mine. One-tenth cc. of this mixture was then injected intradermally in the fore- 
arm and 0.1 cc. of the control strength of PPD in sterile buffered saline was 
similarly injected in the opposite arm. Reactions were read in forty-eight hours. 
Six patients in whom strength 1 was used showed marked reduction in size of the 
reaction in the arm in which pyribenzamine and tuberculin were injected. Two 
of 3 patients given second strength PPD had a similar inhibition of the reaction. 

In 2 patients in whom thephorin was used and in 2 with neohetramine instead 
of pyribenzamine, this mixture likewise gave smaller reactions than controls. 

Histoplasmin and Pyribenzamine 

One-tenth cc. concentrated histoplasmin was diluted with 9.9 cc. of 1 per cent 
pyribenzamine in normal saline and 0.1 cc. of the mixture was injected in the 
forearm. As a control 0.1 cc. of a mixture of histoplasmin in normal saline 
in a similar concentration was injected in the opposite forearm. Reactions were 
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In the present study it was not possible to influence the Mantoux test with high 
oral doses of pyribenzamine. Likewise, there appeared to be little effect on both 
the patch and intradermal tuberculin test when applied over sites previously in- 
filtrated by injection or by iontophoresis with pyribenzamine. 

Although statistically quite a few tests showed some inhibition, in most cases 
this inhibition was of small degree and probably within the normal variations of 
the test. Tuberculin reactions are notably inconstant. Of 22 patients tested 
on three occasions by Guy, only 5 showed rather constant results. Furthermore, 
Sulzberger states that in some cases repeated injections of tuberculin alter 
the sensitivity, in some increasing it and in others decreasing it. Rich has 
also observed variations in reactions to tuberculin tests. When tuberculin is 
mixed with any antihistaminic drug prior to testing, results are consistently 
diminished. This may be due to a chemical inactivation of the tuberculin by 
these drugs in vitro. 

The histoplasmin skin test is comparable to the tuberculin test in that it also 
gives a delayed type of reaction. When mixed with pyribenzamine in vitro and 
injected, it failed to antagonize the reaction. Histoplasmin may not be affected 
by pyribenzamine in vitro. 

It is believed that there is a relationship between capillary permeability and 
the delayed inflammatory tuberculin type of reaction. Rutin has been used to 
decrease capillary permeability. It has been shown (10) that rutin protects 
against anaphylactic shock. In the present study, however, it was not possible 
to prevent the tuberculin reaction by the oral administration of rutin. 

CONCLUSION 

The tuberculin type of sensitivity reaction is not affected by antihistaminic 
drugs or by rutin. 

Pyribenzamine did not prevent the development of tuberculin sensitivity in 
guinea pigs infected with tubercle bacilli, although some delay in this develop- 
ment was noted. 

The oral administration of rutin, another drug which has shown some anti- 
anaphylactic activity, failed to inhibit the tuberculin reaction. 

CONCLUSIONES 

Inhibicion de la Reacdon de Tipo Tuberculinico por Antihistaminicos y Ruiina 

La reaccidn de sensibilidad de tipo tuberculinico no es afectada por los anti- 
histaminicos o por la rutina. 

La piribenzamina no impidid la aparicidn de sensibilidad a la tuberculina en 
los cobayos infectados con bacilos tuberculosos, aunque se notd cierta tardanza 
en dicha aparicidn. 

La administracidn oral de otra droga, la rutina, que ha mostrado alguna activi- 
dad antianafiMctica, tampoco inhibid la reaccidn a la tuberculina. 

REFERENCES 

(1) Feinberg, S. M.: Histamine and antihistaminic agents: Their experimental and 
therapeutic status, J. A. M. A., 1946, 1SS, 703. 




EDITORIAL 

Ten Beds per Death or Eradication, not Reduction, of Tuberculosis 

Institutional isolation of tuberculosis has evolved as an incidental by-product 
of attempts to improve the condition of individual patients. The pioneers of the 
sanatorium movement, such as Brehmer and Trudeau, thought chiefly of the 
value of the sanatorium to the patients. But the value of segregation in dimin- 
ishing the spread of the disease was suggested at a very early date. Koch him- 
self, when announcing the communicability of this disease, advocated the control 
of tuberculosis through the suppression of the sources of infectious materials. 
In his classic book, The Prevention of Tuberculosis, Newsholme demonstrated, in 
1908, that institutional segregation is the predominant factor in the decline of 
tuberculosis. 

In the days when the tuberculosis death rate in the United States was around 
200 per 100,000, there were only a few scattered sanatoriums, occupied to a great 
extent by what were then considered “favorable” cases for treatment. It then 
seemed visionary and impractical to ask that every patient with tuberculosis be in- 
stitutionalized throughout the entire period of active disease, or even that patients 
should receive sanatorium care during the last year of their lives. But gradually, 
as facilities increased and tuberculosis decreased, the feasibility and desirability 
of such goals met with recognition. 

In 1916 the Legislature of Massachusetts passed a law requiring hospitaliza- 
tion for tuberculosis equivalent to one bed per two annual deaths or one per 
50,000 inhabitants (corresponding to a death rate of 100 per 100,000). In his 
admirable reports on the Framingham experiment a few years later, Armstrong 
recommended one bed per annual death. This was accepted by the National 
Tuberculosis Association and advocated for nearly a generation. By 1929 
David Lyman recognized that a ratio of one bed for each annual death was too 
low. In his presidential address in 1940, Doctor H. D. Chadwick set a goal of 
two beds per death as the minimum requirement for the control of tuberculosis. 
Two years later, in The Modem Attack on Tuberculosis, Chadwick and Pope 
recommended at least two and one-half beds per annual death. 

It was asserted then that States having as many as three beds per death were 
more than adequately supplied and would have no waiting lists and even some 
empty beds. As the tuberculosis death rate declined, however, the ratio of beds 
to deaths increased so that there is now an average of nearly three beds per death 
throughout the United States and in some communities more than six beds per 
death may be available and utilized. But this is still far below the ideal of sana- 
torium care for every patient affected with active tuberculosis throughout the 
period of infectivity. 

Most tuberculosis workers, like Chadwick, have accepted the Framingham 
findings that approximately ten cases of active tuberculosis may be found in a 
community for each annual death. Whether really adequate institutional facili- 
ties for the total eradication of pulmonary tuberculosis will require five or twenty 
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sibility for a definite number of deaths from tuberculosis which would be prevent- 
able if an all-out campaign for complete hospitalization and tuberculosis eradica- 
tion were to be undertaken. 

Before prematurely considering conversion of tuberculosis facilities and forces 
for combating other diseases, we should make sure that this condition has been 
really adequately handled. Patients with closed, arrested, and inactive disease, 
in whom repeated laboratory examinations fail to reveal discharge of tubercle 
bacilli, may be cared for in dispensaries, or offices, or in their homes. But any 
patient who is expectorating tubercle bacilli is a potential hazard to his com- 
munity and under ideal conditions should certainly be segregated where danger 
of his spreading the disease may be averted. One bed per death was a grand 
slogan for 1918, ten beds per death or a bed for every patient with active tuber- 
culosis should be our demand for 1950. 


Emil Bogen 
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precipitation in a positive serum was found to be 5y of the soluble carbohydrate, t.e., 
one-twentieth of a cc. of 0.1 mg. per cc. solution. The tested sera as well as the control 
sera were stored at 4°C. for eight to ten days, and the readings were made after centrifuga- 
tion for five minutes at 4,500 r.p.m. In a positive scrum, a firm transparent disc is 
usually formed, which is easily seen by slight agitation of the tube. A false precipitate 
is sometimes found in both tubes, but these rapidly go into solution after some agitation. 

Results: Two hundred ninety-eight sera from eases of tuberculosis have been tested 
thus far through the collaboration of Dr. A. Chaves. The classification of the state of 
the disease for all cases was made by Doctor Chaves. The specimens were obtained from 
various Health Department clinics and several hospitals. Two hundred nine of the 298 
specimens were obtained from cases of active tuberculosis, comprising all varieties of the 
disease from rapidly progressive cases to regressive cases. Eighty-nine were inactive 
cases, classified according to whether the disease had been present for less or for more than 
two years. A table of the results obtained in the various groups is presented. The total 
in each group is small, but the trend of the results is interesting. 



TUBERCULOUS CASES 



Active j 

' Inactive 

NORMAL AND 
OTHERS 


Rapidly 

progressive 

Intermediate 

Regressive 

0 to 2 years 

Over 2 years 

+ 

23 

3G 

37 

22 

5 

5 


50 

39 

24 

17 

45 

94 

Number 

CO 

75 

01 

I 

39 

50 

99 


It will be noted that antibodies were not found in the blood of all the active cases. 
Only in about 50 per cent of the active cases were the sera found to be positive. Never- 
theless, the relative proportion of the positive to the negative sera was three times liigher 
in the regressive cases (column 3) than in the rapidly progressive cases (column 1). 
An almost equal number of positive and negative sera was found in the intermediate group. 

Antibodies were found in some of the inactive cases, but the relative proportion of 
positive to negative sera is very much higher in the infections which had been inactive 
for less than two years than in those inactive for more than two years. 

As a control for the specificity of this precipitin test, the sera of 99 persons who pre- 
sumably did not have tuberculosis were examined. Included in this group were speci- 
mens obtained from 47 normal persons, 5 patients with syphilis plus a pool of sera from 
10 other early sypliilitic infections, 13 patients with pneumonia, 15 with cancer, and 18 
who had various other illnesses. Five positive reactions were found in this group of 99 in- 
dividuals. One person was a contact of a case of active tuberculosis, 2 had recently re- 
covered from a nontuberculous pneumonia, and 2 were patients in the chest clinic who 
were classified as “normal.” Tire diagnosis of "nontuberculous” was made only on 
the basis of the chest roentgenogram. 

These results seem to indicate that carbohydrate antibodies are more prevalent in 
tuberculous patients who are successfully fighting against the disease than in patients in 
which the infection is progressing rapidly. The results also show that antibodies remain 
present for a certain period of time in the sera of patients who have overcome the disease 
(from the clinical point of view). 
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Tuberculosis in the British Zone of Germany, with a Section on Berlin. Report of an Inquiry 
Made in Scptcmbcr-Oclobcr 1047 by M. Daniels, M.D., D.P.H., and P. D’Arcy Hart, M.D., 
F.R.C.P., Members of the Scientific Staff Medical Research Council. Pp. SO, His Majesty’s 
Stationery Office, London, 194S, paper, Sixpence net. 

Report on Tuberculosis in Germany ( U . S. Zone) by a Commission Appointed by the Secretary 
of the Army, Composed of Esmond R. Long, M.D., Philip E. Sartwell, M.D., Colonel Silas 
B. Hays, M.D., and Major Alonzo IF. Clark, M.S.C., March 6, 1948. Pp. 87. 

Under government auspices both Great Britain and the United States have made surveys 
in occupied Germany for the purpose of determining the influence of World War II on the 
incidence, course, and death rate of tuberculosis during the War and its subsequent course 
and prevalence. The writers of these reports also discuss discovery, reporting, preven- 
tion, and management at the present time and present a discussion of manifest trends. 

The assignment of the British investigation arose through a request from the Public 
Health Adviser addressed to the British Military Governor. As a result, the Ministry of 
Health was invited by the Foreigu Office to arrange the investigation. The investigations 
were carried on in September and October, 1947, and reported in 1948. The main assign- 
ment was to the British Zone of Germany but attention was also directed to the situation 
in Berlin. 

The survey conducted by the United States was initiated by orders from the Secretary 
of the Army, dated February 9, 194S. The members of the United States commission 
were directed “to investigate the incidence of, and recommend control measures for, tuber- 
culosis among the German civilian population.” The investigations were carried out and 
reported under date of March 5, 194S. This survey was limited to “Berlin and the three 
largest Lander of the U. S. Zone.” 

The British and the U. S. teams devoted approximately the same length of time to the 
respective surveys. Though not identically stated, their objectives were virtually the 
same, the problems confronting them were almost identical, their methods of approach 
were similar, and their findings were so nearly parallel as to inspire added confidence in 
their findings. In this brief review of the two reports, we can mention only their principal 
findings in relation to the effects of war and postwar trends. 

Both surveys show the upsurge in the mortality rates as the War progressed, reaching 
its peak in 1945 and gradually declining since the War. On the whole, the rise in mortality 
was decidedly greater in urban than in rural communities and the larger the city, the 
sharper the rise. It is thought particularly by the U. S. commission that bombing, de- 
struction of homes, the interruption of co mmuni cations, and the resulting nervous strain 
plus a shortage of food supplies were important contributing factors. The British report 
indicates that in Berlin the death rate from all forms of tuberculosis was 90 in 1937 and 
291 in 1945 (the peak). The United States study arrived at virtually identical conclu- 
sions. Both reports indicate that local health authorities through case finding and re- 
porting are of the opinion that the incidence of active tuberculosis is increasing but the 
reporters believe this is a consequence of revival of the clinical services and case finding 
facilities and improved methods of diagnosis and discovery. 

There is uniformity of opinion concerning the relatively high bed capacity for the 
management of tuberculous cases except in the city of Berlin. The situation in the British 
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Often these writers’ knowledge of the disease has seemed far superior to their grasp of the 
intricacies of human behavior. 

Possibly as a result of reviewing such studies in advance of this study, a fresh approach 
and technique have been utilized. Experienced social workers, to whom the assignment 
was a new task and not an ancient frustration, were assigned to interview veterans whose 
discharge had been irregular. The sample selected was the accessible portion of all 
irregularly discharged patients who left treatment facilities during July, 1947. The 
hospitals were operated or financed by the Veterans Administration. The number of 
patients interviewed was 401. 

This procedure yielded some figures which have been presented in appropriately simple 
tables. In this study they arc used to check and validate qualitative observation and 
experience rather than as an isolated source for conclusions. Tire selection of a single 
time interval eliminates variations due to changing economic and seasonal factors. The 
author has carried on concurrently a thoughtful examination of medical and psychological 
literature dealing with the behavior of patients and others in comparable circumstances. 
Accordingly, this reviewer is perplexed that Mr. Tollen appears to remain unaware of the 
degree to which chronic patients other than the tuberculous also resist medical intentions 
and advice. The problem of infection has brought such behavior into the spotlight in 
tuberculosis. Are we to believe that the death toll from coronary thrombosis, for example, 
includes no persons who have turned their backs on sound medical advice? Or are we 
dealing with a common human pattern of behavior which the presence of tuberculosis 
throws into high relief? 

In this report we have presented to us the statements of the patients regarding their 
motivation and evaluation by trained interviewers, who also had access to hospital records. 
Whether or not one agrees wholly with such evaluation, it is apparent that the study is an 
effort to ascertain the facts and not an attempt to justify (or to discredit) medical or ad- 
ministrative method. The willingness of the Veterans Administration to review its 
effectiveness in this way is a reassuring attitude. The efforts of medical personnel to 
supplement its own perspectives by those of other disciplines also augurs well for the 
future development of the VA Tuberculosis Sendee. 

The author’s conclusions, which lie presents with considerable eloquence, are far from 
arbitrary. He offers no single panacea. On two points his conclusions resemble those of 
Betty MacDonald (author of The Plague and I, a lay study of how tuberculosis treatment 
looked to a patient), first that recovery from tuberculosis may depend considerably upon 
the degree of self-discipline achieved by the patient and, second, that the confidence of the 
patient in the persons who order and administer his treatment may be a key to that disci- 
pline. Both authors reject the notion that everything beside the lesion may be dumped 
into the lap of some extra-medical worker and dismissed, no matter what skills are in- 
volved. Both see the most complete supplemental staffing of a hospital as but the 
lengthened shadow of the physician and his understanding of the patient’s problems of 
treatment and recovery. 

It is to be hoped that this pamphlet is only the first installment in a habitual and con- 
tinuing study of the behavior of tuberculous veterans and its relation to their treatment 
and recovery. This publication is unimpeded by professional jargon or official gobble- 
degook. It provides food for thought both for those who are concerned with veterans’ 
affairs and for those who wish to make isolation and treatment of the tuberculous a more 
effective instrument in the control of the disease. 


Holland Hudson 
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Actinomyces, the production of antibiotic substances, and on streptothricin. The author 
index has cross references to all the authors of each paper and is very useful. The refer- 
ences on streptomycin, however, are listed roughly in the order of their appearance and 
are indexed only by the principal topic of each paper. This arrangement detracts con- 
siderably from the usefulness of the volume, especially for those who are not already 
familiar with much of the work on streptomycin. The important paper which appeared 
in 1944 announcing the isolation of streptomycin by A. Schatz, E. Bugie, and S. A. Waks- 
man is reprinted in full. 

Lawrence B. Hobson 


J. K. Donaldson: Surgical Disorders of the Chest. Second Edition. Pp. 485, Lea and 
Febigcr, Philadelphia, 1947 , cloth, $8.50. 

The main additions to the first edition of this work (1944) include a description of the ad- 
vances made in traumatic thoracic surgery during World War II and more details in the 
treatment of pleurisy, surgical diseases of the esophagus, and the surgery of congenital 
cardiovascular anomalies. 

In his preface, the author states that the volume is primarily designed as a reference 
book for physicians, surgeons, and medical students. He indicates that sufficient tech- 
nical detail is included to permit the competent general surgeon to treat certain surgical 
disorders of the chest. 

As the most recently published attempt to correlate what is new in the surgery of the 
chest, the book is certainly worthy of serious consideration and careful study. Many 
medical students and physicians, not specialists, will find it a useful reference text. The 
inclusion of the chapter on Resuscitation and Inhalation Therapy is a welcome addition to 
a surgical volume. 

On the critical side several features of the book must be discussed. The over-all 
impression is that the text was written hurriedly. There are far too many references to 
other sections in the book, particularly following sections. This, combined with frequent 
parenthesized directions, makes for poor continuity both of text and thought. As a con- 
sequence either of carelessness in writing the original text or inadequate proof-reading, 
there are at least 40 examples of misspelled words, unwieldy English, and misquoted 
statistics. 

Frontal roentgenograms are not positioned uniformly. On pages 132 and 310 they are 
reproduced differently in the same figure. On page 222 the roentgenogram is upside down. 
The roentgenograpliic illustrations frequently are inadequate, particularly the broncho- 
grams. This may be due in part, however, to a poorer grade of paper in the second edition, 
undoubtedly necessary because of war restrictions. 

In general, the illustrations are adequate and many are excellent. Figure 107 (page 324) 
is however, extremely small and is confusing even to a surgeon with considerable knowledge 
of hilar anatomy. Unfortunately, the colored plates on decortication lack third dimen- 
sional detail. 

A few of the more obvious deficiencies in the text should be listed. The important role 
of endoscopic procedures in diagnosis and treatment is nowhere emphasized sufficiently. 
Specific examples are found in the inadequate discussion of indications for bronchoscopy 
in bronchiectasis, postoperative pulmonary complications, and tuberculosis. The infer- 
ence is made throughout that the thoracic surgeon usually does not perform his own 
endoscopies, an entirely unwarranted impression. 
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Aaron, Theodore H. See Crier, Leo H., 
ct al., 701 

Abramson, Samuel. See Lurie, Max B., 
cl ah, 10S 

. See Lurie, Max B., ct al., 1S6. 

. See Lurie, Max B., cl al., 19S 

, and Lurie, Max B., The efficiency of 

gauze masks in the protection of rabbits 
against the inhalation of droplet nuclei 
of tubercle bacilli, 1 

Absiier, W. K., and Cline, F., Jr. A cor- 
related study of tuberculin, histoplas- 
min, and coccidiodin sensitivities with 
pulmonary calcifications in the Rocky 
Mountain area, 643 

Adams, Ralph. Diagnosis and treatment 
of lung tumor, 353 

Agranulocytosis during streptomycin treat- 
ment of miliary tuberculosis, 317 

Allcower, Martin, and Bloch, Hubert. 
The effect of tubercle bacilli on the 
migration of phagocytes in vitro, 562 

Allison, Marvin J. See Lurie, Max B. 
cl ah, 16S 

. Sec Lurie, Max B., cl ah, 1S6 

. See Lurie, Max B., ct al., 198 

American Trudean Society : 

Postgraduate courses in pulmonarj^ dis- 
eases, 111 

Report of clinical subcommittee on strep- 
tomycin, 106 

Streptomycin — tuberculosis research proj - 
ect report, 140 

Antibodies, Carbohydrate, in human tuber- 
culosis, Precipitin test for, (Letter to 
the Editors), 710 

Antihistaminics and rutin, Tuberculin in- 
hibition by, 701 

Auerbach, Oscar. Empyema as a com- 
plication of chronic pulmonary tuber- 
culosis, 601 

Aureomycin, Tuberculostatic activity of, 
in vitro and in vivo (Letter to the Edi- 
tors), 221 

Aureomycin, Use of, in pulmonary tuber- 
culosis, 624 

Bacilli, acid-fast, Routine examination of 
sputum for, 449 

Bacilli, tubercle. See Tubercle bacilli, 1, 
325, 336, 391, 402, 429, 438, 554, 562 


Bacteriological diagnosis of tuberculosis, 
Sanatorium program for, 589 
Bass, H. E., Schomer, A. and Berke, R. 
Question of contagion in coccidioido- 
mycosis. Study of contacts, 632 
Baum, Otto S., and Baum, Lewis F. The 
effect of nontubereulous pulmonary in- 
flammation on pulmonary tuberculosis 
6S 

Baum, Lewis F., and Baum, Otto S. The 
effect of nontubereulous pulmonary in- 
flammation on pulmonary tuberculosis, 
6S 

BCG cultured intermittently and contin- 
uously in the presence of bile, Com- 
parison of immunogenicity of, 102 
, Tuberculogenic Studies of, when pro- 
duced by standard technique in 60 con- 
secutive weekly lots, 567 
, Virulence of, when produced by stand- 
ard technique in 60 consecutive weekly 
lots, 567 

Beardsley, Frederick A. See Howlett, 
Ivirby S., Jr., el al., 402 
Benson, Ellis S., and Firestone, George 
M. Coexisting disseminated coccidio- 
idomycosis and tuberculosis, 415 
Bercu, Bernard A., and Johnson, Rich- 
ard P. Streptomycin in the treatment 
of tuberculous pericarditis. Report of 
three cases, 656 

Berke, R. See Bass, H. E., et ah, 632 
Beryllium workers, Observations on the 
causes of dyspnea in chronic pulmonary 
granulomatosis in, 364 
Bile, Effect of, on BCG, 102 
Birkhaug, Konrad. Virulence and tuber- 
culogenic studies of sixty consecutive 
weekly lots of BCG vaccine produced 
by standard technique, 567 
Bloch, Hubert, and Allgower, Martin. 
The effect of tubercle bacilli on the 
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Bloch, Robert G., Vennesland, Kirsten, 
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